p8 lU^QZo^ 



UK Patent ..«GB ni,2 396 642 m.B 

• (45>DateofpublicaBon; 17.11.2004 

(54) Title of the invention: A system foF couplIng 3 tubulsF member to a 
preexisting structure 



(51» lilt Cl':E21B 43/10 23/01 



(21) Application No: 04048302 


(72) inventons): 


Robert Lance cook 


(22) Date of Filing: 12.06.2001 


Richatd Cari Haut 


Lev Ring 


Date Lodged: 03.03.2004 - 


Thomas Patrick Grant III 


Edwin Arnold ZwaldJr 


(30) PrIorhyData: y ^ 


Andrei Gregory Hllppov 


(31) 60212389 (32) 19.0&2000 ^ (33) US 




(73) Proprietors): 


(62) Divided from Application No 


Shell Oil Company 


0229708^ under Section 15(4) of the Patents 


(Incorporated in USA rTexas) 


Act 1977 


910 Louisiana Street Houston, 


Texn 77252-2463, 


(43) Date A Publication: . 30.06.2004 


United States of America 




(74) Agent and/or Address for Service: 


(52) UK CL (Edition W ): 


Hasehine Uke&Co 


E1F FAC FAC9 FKF FKG FLA F204 


fteddiff Quay. 120 ReddHf Street^ 




BmSTOU BS1 OHU, United Kingdom 


(56) Documents Cited: 




GB 2356651 A WO 2001/004635 A 




(58) Field of Search: 




As for published application ^396642 A vis 




UK CL (Edition W)E1F 




INTCL^BZIB 




Other. OnHna: WPI, EPODOC 




updated as appropriate 







FIGURE la 



3 of 88 




FIGURE 1c 



4 of 88 




FIGURE Id 



5 of 88 




FIGURE la 




FIGURE 1f 



7 of 88 




FIGURE 1g 



8 of 88 




9 of 88 




FIGURE 2b 



10 of 88 




FIGURE 2c 



11 of 88 




FIGURE 2d 




FIGURE 2e 



13 of 88 




255 



FIGURE 2f 




FIGURE 3a 



15 of 88 




FIGURE 3b 



16 of 88 




FIGURE 3c 



17 of 88 




FIGURE 3d 



18 of 88 




FIGURE 4 



19 of 88 




FIGURE 5 




FIGURE 6 



21 of 88 




FIGURE? 




FIGURES 



24 of 88 




FIGURE 10a 



25 of 68 




FIGURE 10b 



26 of 88 




27 of 88 




1036 ^Q35 
FIGURE 10d 



28 of 88 




29 of 88 




FIGURE lOf 



30 of 88 




FIGURE lOg 



31 of 88 




1036 ^035 
FIGURE lOh 



33 of 88 




FIGURE 11a 




FIGURE lib 



35 of 88 




RGURE 11c 



36 of 88 




FIGURE lid 



37 of 88 




RGUREIIe 



38 of 88 




FIGURE 11f 



39 of 88 




FIGURE 11g 



40 of 88 




FIGURE 12a 



41 of 88 




FIGURE 12b 




FIGURE 12c 



43 of 88 




FIGURE 12d 



45 of 88 




46 of 88 




FIGURE 13c 



47 of 88 




FIGURE 13cl 



49 of 88 




1445 

FIGURE 14b 



so of 88 




51 of 88 




1445 



FIGURE 14d 



52 of 88 




53 of 88 




1445 

FIGURE 14f 




FIGURE 14g 



55 of 88 




1540 FIGURE 15a 



S6of88 




57 of 88 




SB of 86 




59 of 88 




160C 



FIGURE 16b 



€0of88 



1700 




17a 



170Sb 

FIGURE 17b 



61 of 88 



1815a 



1820a 



1805a 



1810b 




1810a 



180Sb 



1820b 



181Sb 



FIGUREISa 



1820a 



1805a 




1810a 



IBIOb 



1820b 



1805b 



FIGURE 18b 



62 of 88 




63 of 88 




FIGURE 19b 



64 of 88 




65 of 88 




2040 FIGURE 20a 



67 of 88 




68 of 88 




69of8B 




FIGURE 21b 



70 of 88 




FIGURE 22b 



, 71 of 88 




72 of 88 




2365 



FIGURE 23a 



73 of 88 




2369 2305 



FIGURE 23b 



74 of 88 




2365 2305 



FIGURE 23c 



75 of 88 




2365 2305 



FIGURE 23d 



76 of 88 




FIGURE 23e 



77 of 88 




FIGURE 24a 



78 of 88 




FIGURE 24b 



79 of 88 




FIGURE 24c 




FIGURE 25a 



81 ofB8 




FIGURE 25b 




FIGURE 2Sc 



83 of 88 




FIGURE 26a 



84 of 88 




FIGURE 26b • 



85 of 88 




FIGURE 26e 



86 of 88 



2700 




COUPLE EXPANDABLE 
TUBULAR TO 
PREEXISTING 

STRUCTURE USING AN 
EXPANSION CONE 



RADIALLY EXPAND 

EXPANDABLE 
TUBULAR USING 
DIRECT RADIAL 
PRESSURE 



nGURE27 



87 of 88 




FIGURE 28 



88 of 88 




FIGURE 29 



A SYSTEM FOR COUPLING A TUBULAR MEMBER TO A 
PREEXISTING STRUCTURE 

Background of the Invention 
This invention relates to ooupEng a system for coupling a tubular memt)er to 

5 a preexisting structure. 

Conventionally, when a weltt)ore is created, a numt>er of casings are 
mstalled In the borehole to prevent collapse of the borehole wall and to prevent 
undesired outflow of drilling fluid into the fonnation or Inflow of ftiid from the 
formation into the borehole. The borehole Is drilled in intervals whereby a casing 

10 which is to be installed in a lower borehole inten^l is lowered through a previously 
installed casing of an upper borehole interval. As a consequence of this procedure 
the casing of the lower inten^l is of smaller diameter than the casing of the upper 
interval Thus, the casings are in a nested arrangement with casing diameters 
decreasing in downward direction. Cement annuii are provided between the outer 

15 surfecesof the casings and the borehotewaH to seal the casings fi^ 

wan. As a consequence of this nested arrangement a relatively large borehole 
diameter is required at the upper part of the wellbore. Such a large borehole 
diameter involves increased costs due to heavy casing handflng eqtripment. large 
drU bits and increased volumes of driling fluid and drill cutBngs. Moreover. 

20 increased driHIng rig time is involved due to required cement pumping, cement 
hardening, required equipment changes due to large variations In hole diameters 
drilled in the course of the well, and the large volume of cuttings drilled and 
removed. 

The present invention is directed to overcorrtng one or more of the 
25 limitations of the existing procedures for fbnning wellbores. 

Summary of the Invention 
According to the present invention there is provided a system for coupling an 
expandable tubular member to a preexisting stnidure, comprising: 
30 means for positioning the tubular member and an expansion cone within the 

preexisting structure; 

means Ibr anchoring the tubular member to the preexisting slmclure; 
means for axially displacing the expansion cone relative to the tubular 
member by pulling the expansion cone through the tubular member, and 



1 



means for infecting a lubficating fluid into the trailing edge of the interfeice 
between the expansion cone and the tubular member. 

Preferably, the system further comprises a lubricating fluid, wherein the 
hjbricating fluid has. a viscosity ran^ng from 1 to 10,000 oentipoise. 
S Preferably, the means for ir^ecting includes: 

injecting lubricating fluid into a tapered end of the expansion cone. 

Preferably, the means lor injecting tndudes means for injecting lubrlcaUng 
fluid into the area around the axial midpoint of a first tapered end of the expansion 
cone. 

10 Preferably, the means for irijecting includes means for Injecting lubricating 

fluid Into a second end of the expansion cone. 

Preferably, the means for fartjecling includes: 

means for irqecting lubricating fluid into a tapered first end and a second end 
of the expansion cone. 

15 Preferably, the means for irteding iridudes means fbr injeding lubricating 

fluid into an interior of the expansion cone. 

Preferably, the means for infeding Indudes means fbr Injecting lubricating 
fliMd through an outer surface of the expansion cone. 

Preferably, the means for ejecting indudes means for injecting the 
20 lubricating fluid into a plurality of discrete locations almg the trailing edge portion. 

Preferably, the system further comprises a lubricating fluid, wherein the 
lubricating fluid comprises drilling mud. 

Preferably, the lubricating fluid fiirther indudes: 
TorqTrim III; 
25 EP Mudlib; and 

DrillN-SBd. 

Preferably, ttie system further comprises a lubricating fluid, wherein the 
lubricating fliAl comprises: 
TorqTrim III; 
30 EP Mudlib; and 

Drilli4^. 

Preferably, the means fbr axially displacing the expansion oone indudes a 
rnearis for pressurizing at least a portion of the interior of the tubular menrt)OT 

Preferably, the means for axiaBy displacing the expansion oone indudes a 
35 means fbr injeding a fluidic material into the tubular member. 



PreferaUy, the means for axially displacing the expansion cone Includes a 
means fcr displacing the expansion cone into the tidsular member. 

Preferably, the means for axiaUy displacing the expansion cone includes a 
means for displacing the expansion cone out of the tubular member. 

Preferably, the means for axially displacing the expansion cone radially 
expands the tubular member by 10% to 20%. 

Preferably, the system further comprises a means for applying direct radial 
pressure to the tubular member. 

Preferably, the preexisiing structure indudes a ^Ibore casing 

Preferably, the preexisting structure includes a pipeline. 

Prrferably, the praexistlng sbucttro indudes a structural support 

Preferably, the system further comprises an expansion cone, wherein the 
expansion cone comprises an angle of attack ranging from 10 to 30 degrees. 

Preferably, the system further comprises a tubular member, wherein the 
tutHJiar meml)er includes: 

an annular member, having: 

a wall thickness that varies less than 8 %; 

a hoop yiekJ strength that varies less than 10 %; 

imperfections oflessthanB%ofthewaH thk:kne8s; 

no failure for radial expansions of up to 30 %; and 

no necking of the wans of the annular member for radial expansfons of up to 

25%. 

Preferably, the system further comprises a tubular member, wherein the 
tubular menrter includes: 

a first tutxilar member, 

a second tubular merrtben and 

a pin and box threaded connedton for coupVng the firet tubular member to 
the second tubular merrtber, the threaded connecthxi including: 

one or more seeding membere for sealbig the interface between the first and 
second tubular members. 

Preferably, the one or more sealing mennbere are posittoned adjacent to an 
end portkxi of the threaded oonnectkxi. 



Preferably, one of the sealing members is positioned adjacent to cvi end 
portion of the threaded connecttoh; and wherein another one of th^ sealing 
members is not positioned adjacent to an end portion of the threaded connection. 

Preferably, a plurality of the one or more seeing members are positioned 
5 adjacent to an end portion of the threaded connectbn. 

Preferably, the system further comprises a tubular member, wherein ttw 
tubular member includes: 

a layer of a lubricam bonded to ttie interior surface of the tubu^ 

Preferably, the lubricant comprises a metallic soap. 
10 Preferably, the lubricant is chemically bonded to ttie interior surface of tiie 

tubular men4)er 

Preferably, the lubricant is mechanically bonded to the interior surfeoe of ttw 
tutHJlar member 

Preferably, the lubricant is adhesively boncted to.tiie interior surboe of ttie 
IS tubular meimber 

Preferably, the lubricant Includes epoxy. molybdenum disulfide, graphite, 
alun^um, copper, aiumisiUcate and polyetiiylmepolyamine. 

Preferably, the system furttier comprises a tubular member, whersin ttte 
tubular member includes: 
20 a pair of tubular members having tiveaded portions coupled to one amrther; 

and 

a quantity of a sealant witttin tirie tiveaded portior^ of ttie tubular members. 
Preferably, the sealant is selected from ttie group oonsisUng of epoxles, 
ttiennosetting sealing compounds, curable seeing compounds, and seeing 
25 compounds having pdymerizable materials. 

Preferably, the sealant includes an initial cure cyde and a final curecyde. 
Preferably, the sealant can be siratchad up to 30 to 40 percent wittiout 

failure. 

Preferably, the sealant Is resistant to conventional weBbora fhndic materials. 
30 Preferably, ttie material properties of ttie sealant are substantially st^le for 

temperatures ranging from 0 to 4S0T. 

Preferably, fhe ttireaded portions of ttie tubular members include a primer for 
improving tt>e adhesion of ttie sealant to ttie tt)readed portions. 

Preferably, ttie system furttier comprises a tubular member, wherein ttie 
35 tubular member includes: 
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a pair of rings for engaging the preexisting structiffe; and 
a seating element positioned between the rings for sealing the interface 
t)etween the tubular member and the preexisting structure. 

Preferably, the system further oomprises a tubular member, wherein the 
5 tubular m^i^r includes: 

a first preexpanded portion; 

an intermediate portion coupled to the first preexpanded portion including a 
sealing element; and 

a second preexpanded portion coupled to ttie intermediate paVm. 
10 Preferat)ly, the system further comprises: 

a tubular member, 
an expansion cone; 

a support member including a fluid passage, the expansion cone coupled to 
. the support nnember. the tubular mernber coupled to the expansion cone • 
15 a slip fcrfnt coupled to the expansion cone; 

an end plate coupled to the sRp Joint; 

a fluid chamber coupled to the fluid passage, the fluid dharrber defined by 
the interior portion of the tubular member between the expansion cone and the end 
plate. 

20 Preferably, the system further comprises a tubuteir member, wtierein the 

tutxilar member includes a slotted end portion. 

Preferat>ly. the system further comprises a tubular member and an 

expansion cone, wherein the tubular member and the expansion cone define a 

chamber adapted to be pressurized. 
25 Preferably, the system further comprises a fluicKc passage coupled to the 

chamber. 

Preferably, the system further oomprises a lubricating fluid in an Interface 
between ttie expansion cone and the tubulv member. 

Preferably, the lubricating fluid comprises drilling mud. 
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Brief Description of ttie Drawings 
FIG. la is a fragmentary cross-sectional illustration of the placement of an 
apparatus for expanding a tubular member wittiln a wellbore casing. 
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FIG. lb is a fragmentary cross-sedional illustration of the apparatus of FIG. 
la after anchoring the expandable tubular member of ttie apparatus to the weHbore 
casing. 

HG. Icis a fragmentary cross-secGonal illustration of the apparatus of f 16. 
5 lb after initiating the axial displacernent of the expansion cone. 

FIG. Id is a fragmentary aoss-septional Wustration of the apparatus of FIG. 
lb after initiating the axial displacement of the expansion cone by putting on ttie 
expansion cone and ir^eding a pressurized fluid below the expansion oone. 

FIG. 1e is a fragmentary cross-sectional HlustFation of the apparatus of FIGS. 
10 1c and Id after the GompleHon of the radial expansion of the expandable tubular 
member. 

FIG. If is a fragmentary cross-sedional illustration of the apparatus of FIG. 
1e after the decoupling of the anchoring device of the apparatus from the wellbore 
casing. 

IS FIG. 1g is a fragmentaiy cros^-sedionai illustration of the apparatus of FIG. 

If after the removal of the anchoring device of the apparatus from the weitbore 
casing. 

RG. 2a is a fragmentary cross-sedional illustration of the placenmnt of an 
apparatus for expanding a tubular member yfMm a wellbore casing and an open 
20 hole in a subtenrartean formation. 

FIG. 2b is a fragmentary ooss-sectiond illustration of the apparatus of FIG. 
2a after anchoring the expandable tubular member of the apparatus to the open 
hole. 

FIG. 2c is a fragmentary cross^sedionai illustration of the apparatus of FIG. 
25 2b after inifiating the axial dsplacement of the expansion cone. 

FIG. 2d is a fragmentary cross-sedional mwtration of the apparatus of FIG. 
2b after initiating the axial displaoernent of the expansion cone by pulRng on the 
expansion cone and also by irqeding a pressurized fluid below the expansion oone. 
FIG. 2e Is a fragmentary cross-sedional iOustration of the apparatus of FIGS. 
30 2c and 2d after the comptelion of the radiiri expansion of the expandable tubular 
member. 

FIG. 2f is a fragmentary cross-sedional illustration of tt>e apparatus of FIG. 
2e after the decoupling of the anchoring device of the apparatus from the open hote. 
FIG. 3a is a fragmentary cross-sedional illustration of the placement of an 
35 apparatus for expanding a tubular member within a welibore casing. 
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FIG. 3b is a fragmentary cross-sectionat Illustration of the apparatus of PIG. 
. 3a after anchoring ttie expandable tubular member of the apparatus to the wellbore 
casHig. 

FIG. 3c is a fragmer^ cross-sectional illustration of the apparatus of R6. 
5 3b after initiattng the axial displaoemert of the e)qf>^^ 

FIG. 3d is a fragmentary cross^ectional illustration of the apparatus of FIG. . 
3c after oompleting ttie radial expansion of the expandable tubular member. 

FIG. 4 is a fragmentary cross-seclional illustration of a shock absorbing 
systenn for use in the apparatus of FIGS, la to 3d. 
10 FIG. 5 is a cross-sectional iiuslraaon of a coupling arrangennent for use in 

the expandable tubular menters of the apparatus of FIGS, la to 3d. 

FIG. 6 is a cross-sectional Blustration of an expandable tubular member 
having a slotted \am^ section for use in the apparatus of FIGS. 1a to 3d. 

FIG. 7 is a cross-sectional Hustration of an expandable tubular rhember 
15 having a pre-expandedupperportion for use in the apparatus of FIGS, ia 

FIG. B Is a cross-sectionai Iflustration of an expandable tubular member 
having a slotted upper section for use in the apparatus of F^IGS. la to 3d. 

FIG. 9 is a graphical Illustration of a method of applying an axial force to the 
expansion cones of the apparatus of FIGS, la to 3d. 
20 FIG. 10a is a fragmentary cross-sectional illustration of the placement of an 

apparatus for expanding a tubular memt>er within a welltxxne casing. 

FIG. 10b is a fragmentary ooss-sectional Illustration of the apparatus of FIG. 
10a during the ejection of a non-hardenaUe fiuidic rfiatarfal into and out of the 
apparatus. 

25 FIG. 10c is a fragmentary cross-sectional illustration of the apparatus of FIG. 

10b during the injection of a hardenable fluidic eeaOng material into and out of the 
apparatus. 

FIG. lOd is a fragmentary cross-sectional illustration of the apparatus of FIG. 
10c after the placement of a valve closure element into the valve passage of the 
30 anchoring device of the apparatus. 

FIG. lOe is a fragmentary cross-secdonal illustration of tlie apparatus of FIG. 
1 0d after anchoring the expandable tubular member of the apparatus to the wellbore 
casing. 

FIG. 1 0f is a fragmentary cross-sectional illustration of the apparatus of FIG. 
35 1 0e after initiating the axial displacement of the expansion cone. 
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FIG. lOg is a fragmentary cross-sectional illustration of the apparatus of fIG. 
lOe after initiating the axial displacement of the expansion cone by pulling on the 
expansion cone and injecting a pressurized fluid bekm the expartsion cone. 

FIG. lOh is a fragmentary cross-sectional illustration of the apparatus of 
5 FIGS. lOf and lOg after the conrtpletion of the radial expansion of the expandable 
tubular member. 

FIG. 10i is a fragmentary cross-sectional Hlustration of the apparatus of FIG. 
lOh after the decoupling and removal of the anchoring device of tt)e apparatus from 
the wellbore casing. 

10 FIG. 11a is a fragmentary cross-sectionat illustration of an apparatus for 

coupling an expandable tubular member to a preexisting structure. 

FIG. 1 lb is a fragmentary cross-sectional illustration of the apparatus of FIG. 
1 1 a after anchoring the expandable tutHjIarmenrter of the apparatus to the vvellbore 
casffig. 

15 FIG. 1 1c is a fragmentary cross-sectibnal illustration of the appareEtus of FIG. 

1 lb after initiating the axial displaoennent of the expansion cone. 

FIG. 1 1d is a fragmentary cross-sectional illustration of the apparatus of FIG. 
1 1c after stopping tt>e axial displacement of the expansion cone prior to deactivating 
the anchoring device. 

20 FIG. 1 1e is a fragmentary cross-sectional illustration of the apparatus of FIG. 

lid after deactivating the anchoring device. 

FIG. 1 1f Is a fragmentary cross-sectional illustration of the apparatus of FIG. 
lie after initiating the axial displacement of the expansion cone arxl the deacttvated 
anchoring device. 

25 FIG. 1 1g Is a fragmentary cross-sectional illustration of the apparatus of FIG. 

11f after the completion of the radial expansion of the expandable tubular member. 

FIG. 12a is a fragmentary cross^sectional ilHistration. of an apparatus for 
oouplhg an expandable tubular member to a preexisting structure positioned within 
awellbore. 

30 FIG. 12b is a fragrneritarycross-sectiond illustration of the apparatus of FK^^ 

12a after expanding the expandable expansion cone in order to anctor tte 
expandable tubular member to the wellbore casing. 

FIG. 12c is a fragmentary cross-sectional illustration of the apparatus of FIG. 
12b after initiating the axial displaoement of the expandable expansion cone. 
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FIG. 1 2d Is a fragmentary cross-sectional illustration of the apparatus of FIG. 
12c after completing the radial expansion of the expandable tubular nr^ember. 

FIG 13a is a fragmentary cross-sectional illustration of an apparatus for 
coupling an expandable tubular member to a preexisttng structure positioned within 
5 awellbore. 

FIG. 13b is a fragmentary crosis-sectlonal aiustration of the apparatus of FIG. 
13a after activating the shape memory metal inserts in order to anchor the 
expandable tubular member to the wellbore casing. 

FIG. 13c is a fragmentary cross-sectional DlustraUon of the apparatus of FIG. 
10 13b after initiatirig the axial displaoernent of the expansion cone. 

FIG. 13d is a fragmentary cros8:8ectional IHustration of the apparatus of R6. 
13c after completing the radial expansion of the expandable tubular mmber. 

FIG. 14a is a fragmentary cross-sectional illustration of an apparatus for 
coupling an expandable tubular member to a preexisting structure positioned witMn 
15 a wallbore casing. 

FIG. 14b is a fragmentary cross-sectional illustration of the apparatus of RG. 
14a after coupling the packer to the wellbore casing. 

FIG. 14c Is a fragmentary cross-sectional illustration of the apparatus of FIG 
14b after initiating the axial displacement of the expandable tubular member towards 
20 the expartsion cone. 

FIG. 14d is a fragmentary cross-sectional illustration of the apparatus of FIG. 
14c after radially expanding the end of the expandable tubular meinber onto the 
expansion cone. 

FIG. 14e is a fragmentery cross^ctlonal lilustretion of the apparatus of FIG. 
25 14d after decoupling the packer from the wellbore casing. 

FIG. 14f is a fragmentary cross-sectional Hluslration of the apparatus of FIG. 
14e after initiattoig the axtel disptacement of the expansion cone relativB to the 
expandable tubular member. 

FIG. 14g is a fragmentaiy cross-sedkMial Hlustralfcxi of the completton of the 
30 radial expanston of the expandabte tubular member. 

FIG. 1Sa is a firagmentary cross-secttonal WustratkNi of an apparatue for 
coupling an expandabte tubular member to a preexisting structure posittoned wHhin 
aweHtwre. 

FIG. 15b is a fragmentary cross-secttonal iilustratkxi of the apparatus of FIG. 
35 1 5a after coupling the resilient anchor to the wellbore casing. 
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FIG. 15c is a fragmentary cross-sectional illustration of the apparatus of FIG. 
1 5b after initiating the axial dispiaoement of the e)qpa^ 

FIG. 15d is a fragmentary cross-sectional illi^tion of the apparatus of FIG. 
1 5c after completion of the radial expansion of the expandable tubular member. 
5 FIG. 16aisa top view of a resilient anchor for use In the apparatus of FIG« 

15a. 

FIG. 16bis a top view of the resilient anchor of FIG. 16a afler releasing the 
coiled resilient member. 

FIG. 17a is a top view of a lesHlent anchor fbr use in the apparatus of FIG. 

10 15a 

FIG. 17bisa top view of the resilient anchor of RG. 17a after releasing the 
reslTient elemsnts. 

FIG. 18a is a fragmentary cross-sedional top view of a resilient anchor fbr 
use In the apparatus of FIQ. 1$a. 
15 FIG. 18b is a fragmentary cross-sedional top view of the riesHlent anchor of 

FIG. 1 8a after releasing the resilient elements. 

FIG. 19a is an front view of an expandable tubular memtier Including or^ or 
more rasifient panels. 

FIG. 19b is a cross-sectional view of the expandable tutxilar member of FIG. 

20 19a. 

FIG. 19c is a bottom view of the expandable tubular rromber of FIG. Ite. 

FIG. 20a is a fragmentary cross-sectional illustration of an apparatus for 
coupBng an expandable tubular member to a preexistirig structure positioned within 
aweUbore. 

25 FIG. 20b is a fragmentary cross-sectional fflustration of the apparatus of FIG. 

20a after coupllrig the anchor to the weObors casing. 

FIG. 20c is a fragnientaiy cross-sedional illustiation of the 
20b after initiating the axial displaoement of the expansion cone. 

FIG. 20d is a firagmentary cross-sedional illustration of the apparatus of FIG. 
30 20c after conr^>l6tion of the radial expansion of the expandd>ie tubular member. 
FIG. 21a an illustration of the anchor of the apparatus of FIG. 20a. 
FIG. 21b is an illustration of the anchor of f IG. 21a after outwardly extending 
the spikes. 

FIG. 22a is an illustration of the anchor of the apparatus of FIG. 20a. 
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FIG. 22b is an illustration of the anchor of FIG. 22a after outwardly exierKling 
the spikes. 

FIG. 22c is a cross-sectional Illustration of the petals of the anchor of FIG. 

22a. 

5 FIG. 23a is B fragnieniafy cross-secKonal lllustratiDn of an apparatus for 

coupling an expandable tubular member to a preexisting structure positioned witMn 
awellbore. 

FIG. 23b is a fragmentary cross-sectkmal illustration of the apparatus of FIG. 
20a after ir^ecting a quanti^ of a hardenaUe fluidic sealing mateiisd into the open 
10 hole wellbore section proximate the lower section of the expandable tubular 
memt>er. 

FIG. 23c is a fragmentary cross-sectional illustration of the apparatus of FIG. 
23b after pennitting the hardenaUe fluidic sealing material to at least partially cure. 
FIG. 23d is a fragmentary cross-secUonai Illustration of the apparatus, of FIG. 
IS 23c iafler initiating the axial displacement of the expansion oone^ 

FIG. 23e is a fragmentary cross*sectional illustration of the apparatus of FIG. 
23d after completion of the radial expansion of the expandable tubular member. 

FIG. 24a is a fragmentary cross-sectional illustration of an apparatus and 
method for coupling an expanded tubular member to a preexisting structure 
20 positioned within a welltxMie casing and an open hole wellbore section. 

FIG. 24b is a fragmentary cross-secUonal iilustratton of the apparatus of FIG. 
24a after releasing the packer. 

FIG. 24c is a fragmentary cross-sectkmal ilhjstratton of the apparatus of FIG. 
24b after extruding the expandable tubular member off of the expanston cone. 
25 FIG. 25a is a fragmentery cross-secttonal iilustratton of an apparatus and 

method for coupling an expandable tubular mernber to a preexisting stnicture 
posittoned within a wellbore casing and an open hote wellbore sedton. 

FIG. 25b is a fragmentery cross-secttonai IDustratkxi of the apparatus of R6. 
25a after injecting a quantity of a fluidk: material into the expandable tubular 
30 member having a higher density than the fluM within the preexisting structure 
outsMe of the expandable tubularmember. 

FIG. 25c is a fragmentery cross-sectional illustratkx) of the apparatus of FIG. 
25b after extruding the expandat>ie tubular member off of the expanston cone. 

FIG. 26a is a fragmentery aoss-sectkxtal Illustration of an apparatus and 
35 method for coupling an expandable tubular member to a preexisting structure. 



FIG. 26b is a fragmentary cross-sectional Dlustration of the apparatus of FIG. 
26a after the initiation of the radial expansion process. 

FIG. 26c is a fragmentary cross-sectional illustration of the oompletion of the 
radial expansion process using the ^paratus of RG. 26b. 
5 FIG. 27 is a flow chart iliustrBfion of a method of coupfing an expandable 

tubular to a pree)dsting istructure. 

FIG. 28 is a cross-sectional illustration of an expandable tiAnjIar coupled to a 
preexisting structure using an expansion cone. 

FIG. 29 is a cross-sectionai illustration of the subsequent application of radial 
10 pressure to the expandable tubular member of FtO. 28. 

DetaBed Description . 
Refening initialiy to FIGS, la, lb. Ic, Id. 1e. If and 1g. a method and 
apparatus for coupling an expandable tubular member to a preexisting structure will 
be described. Referring, to Fig. la. a welbora casing 100 Is positioned within a 
15 subterranean fbrmatiori 105. The wellbore casing 100 rhay be positioned in any* 
orientatiOTfronri the vertical direction to the horizontal direcfo The wellbore casing 
100 further includes one or more openings 110 that may have been the result of 
unintentional damage to the wellbore casing 100. or due to a prior perforation or 
fracturing operation perfonned upon the surrounding subterranean formation 105. 
20 As will be recognized by persons having ordinary skill in the art. the openings 1 10 
can adversely affect the subsequent operation and use of the weRtxHe casing 100 
unless they are sealed off. 

An apparatus 115 is utilized to seal off the openings 110 in the wellbore 
casing 100. More generally, the apparatus 115 is pr^erably utilizad to form or 
25 repair wellbore ce^ngs. pipelines, or strudiral supports. 

The apparatus 115 preferably includes a first support member 120. a second 
support member 125. an expansion cone 130. an anchoring device 135. and 
expandable tubular member 140. and one or more sealing members 145. 

The first support member 120 Is preferably adapted to be coupled to a 
30 surface location. The first sivport nnenriber 120 Is further coupled to the anchor!^ 
device 135. The first support memtier 120 is preferably adapted to convey 
pressurized fluidic materials andlor electricai current and/or communication signals 
from a surface location to the anchorirtg device 135. The first support member 120 
may, for exampte. be conventional comm e rciaHy avaiiat»to slide wire, braided wire, 
35 coiled tutxng. or driOing stodc materiaL 

12 
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The second support member 125 is preferably adapted 1o be coupled to a 
surface location. The second support member 125 is further coupled to the 
expansion cone 130. The secoiKj support member125 Is preferably adapted to 
permil the expansion a)ne 130 to be axlally disptaoed relalivB to the flrel supp^ 
member120. The second support member 125 may. for example, be conventional 
commerdaily available sick vwie. braided wire, colled tubing, or drilling stock 
material. 

The expansion cone 130 Is coupled to the second support member 125. The 
expansion cone 1 30 Is preferably adapted to radlaBy expand the expandable tobular 
member 140 when the expanston cone 130 Is axiaily displaced relative to the 
expandable tubular member 140. 

The anchoring device 135 is coupled to the firet support member 120. The 
anchoring devtoe 135 is preferably adapted to be controHably coupled to the 
expandable tubular member 140 and the vrellbore casing 100. In this manner, the 
15 anchoring devtoe 135 preferably controllably andSors the expandable tubular 
nwmber 140 to the wellbore casing 100 to fadlitato the radial expanston of the 
expandable tubular member 140 by the axial displacentont of the expansion cone 
130. The anchoring device 135 includes one or more expandabte elements 150 that 
are adapted to controllably extend from the body of the anchoring devtoe 1 35 to 
engageboththeexpandabtetubularmember140and1hevi»eilborecasing100. The 
expandabte etements 150 are actuated using lluWte pressure. The anchoring devtoe 
135 Is any one of the hydraulkally actuated packere commerctally avaitebte from 

HattNJrtbn Energy Sen*»s or Baker-Hughes. 

The expandabte tubUter member 140 is removably coupted to the expansion 

25 conelSO. Theexpandabtetobuiarmember140tefurtherpreferably adapted to be 

removably coupted to the expandabte etemeni 150 of the anchoring device 135. 

The expandabte tubuter member 140 Includes one or more anchoring windows 155 

fbr pennitting the expandabte ekffltents 150 of the anchoring devtoe 135 to engage 

the wellbore casing 100 and the expandabte tubuter member 140. 
30 The expandabte tubuter member 140 further Includes a tower sedton 160. an 

intemiedlatesectton 165. and an upper sedton 170. The tower sectton 160 Indudes 
the andtoring windows 155 in Oder to provkte anchoring at an end portton of the 

expandabte tubuter member 140. The wail thtekness of the tower and Intemiedlate 
sedtons. 160 and 165. are tess than the waU thtatoiese of the upper sedtonlTO in 
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order to optimally couple the radially expanded portion of the expandable tubular 
member 140 to the wellbore casing 100. 

The sealing members 145 are coupled to the outer surface of the upper 
portion 170 of the expandable tubular member 140. The sealing members 145 are 

5 preferably adapted to engage and flukJidy seal the interface between the radially 
expanded expandable tubular member 140 and the wellbore casing 100, The 
apparatus 115 includes a plurality of seafing menribers 145. The sealing members 
145 surround md isolate the opening 110. 

As illustrated In FIG. la. the apparatus 115 is preferably positioned within the 

10 wettxm cashig 100 with the expandable tubuisu* member 140 positioned in 
opposing relation to the opening 110. The apparatus 115 includes a pluraHty of 
sealing meirtbefs 145 that are positioned above and below the opening 110. In this 
manner, ttie radial expansion of the expandabto tubular member 140 optimally 
fluididy isolates the openirig 110. 

IS As illustrated in FIG. lb, the apparatus 115 Is then anchoited to the wellbore 

casing 100 using the anchoring device 135. The anchoring device 135 is 
pressurized and the expandable element 150 is extended from the anchoring device 
135 ttvough the corresponding anchoring wirxksw 155 in the expandabto tubular 
member 140 into intimate contact with the welltK)re casing 100. In this manner, the 

20 lower secfon 160 of the expandabto tubular member 140 is renfK>vably coupled to 
the weilbore casing 1 00. 

A compressibto cement arxl/or epoxy is then irijeded into the annular space 
between the unexpended portion of the tubutor member 1 40 and the wellbore casing 
100. The compressibto cement and/or epoxy is then permitied to at least partially 

25 curs prior Id the initiation of the radtol expansion process. In thte manner, an 
annular stmctural support and fliMic seal to provijded arouiid the tutHiiar member 
140. 

* . * 

As Ihjstrated in FIG. 1 c. the expansion cone 130 to then axialiy disptooed by 
applying an a)Qal force to the second support member 125. The axial displacement 
30 of the expansion cone 130 radtolly expands the expandabto tubular member 140 
Into intimate contact with the walls of the wellbore casing 100. 

As iliustrated in FIG. 1d. the axial disptocement of the expansion cone 130 is 
enhanced by injecting a pressurized flutdic material faito the annular space between 
the first support member 120 and the second support member 125. In this manner, 
35 an upward axial force is appi tod to the lower annutor fece of the expansion cone 1 30 

14 



using the pressurized fluidic material. In this manner, a temporary need far 
mcreased axial force during the radial expansion process can be easi^ satisfied. 

As iUustrated in FIOS. 1e. If. and 1g, after the expandable tubular member 
140 has been radially expanded by the axial displacement of the expansion cone 
5 130. the first support member 120 and the anchoring device 135 are preferably 
removed from expandable tubular member 140 by de>pressur1zing the anchoring 
device 135 and then lifting the first support member 120 and anchoring device 135 
from the welibore cesing 100. 

As illustrBled in FIG. 1g, The opening 110 in the wellbore casing 100 Is 
10 sealed off by the radially expanded tubular member 140. In this manner, repairs to 
the wellbofB casing 100 are optimally provided. More generally, the apparatus 115 
is used to repair or form wellbora casings, pipelines, and stmcturel supports. 

Referring to FIGS. 2a. 2b. 2e. 2d. 2e and 2f. a method and apparatus fbr 
ooupling an expandable tubular mernber to a preexisting structure will be described. 
IS f^efMngtoFig. 2a. avvellboreceising200andanopenholewellbore sec^ 
are positioned within a subterranean fbrmation 210. The wellbore casing 200 and 
. the open hole wellbore section 205 may be positioned in any orientation from the 
vertical direction to the horiixmtal direction. 

An apparatus 215 is utilized to couple an expandable tubular member to an 
20 end portion of the wellbore casing 200. in this manner, the open hole welttMre 
section 205 is provided with a cased portion. More generally, the apparatie 215 is 
preferably utilized to form or repair welbore casings. pipeKnps. or structural 
supports. 

The apparatus 215 preferably includes a first support member 220. a second 
25. support men^MT 225. an expansion cone 230, an anchoring device 235, an 
expandable tubular member 240, one or more upper seaUng members 245. one or 
mors lower seaUng rnembers 250. and a flexibie coupling elernent 

The first support member 220 is pr^erably adapted to be coupled to a 
surface location. The first support member 220 is further coupled to the anchoring 
30 device 235. The first support member 220 is preferably adapted to convey 
pressurized fluidic materials ar)cl/or elecbrical cunrent andtor communication signate 
from a surface location to the anchoring device 235. The first support member 220 
may. for example, be conventional commerdaHy avaNabie slick wire, braided wire. 
ooOed tubing, or drilling etodc material. 
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The second support member 225 is prefefaWy adapted to be coupled to a 
surface location. The second support member 225 is further coupted to the 
expansion cone 230. The second support member 225 is preftoebly adapted to 
pemiit the expansion cor»e 230 to be axiaHy dlsplaoed relative to the llrat 
member220. The second support member 225 may. for exampte.be conventional 
oommerdaily avallabte slick wbe. braided v»iie. colled ti*)lng. or diiHing stock 
matsridi* 

The support member 220 is tetescoplcaly coupted to the support member 
225. and the support member 225 is coupted to a surface support structure. 

The expansion cone 230 Is coupted to the second support member 225. The 
expansion cone 230 b prefeiably adapted to radiaBy expand the expandabte tobular 
member 240 when the expansion cone 230 Is axteHy dlspteoed retetlve to the 

expandabte ti^lar member 240. 

The anchoring device 235 Is coupted to the first support member 220. The 

15 anchoring <tevloe 235 is preferably adapted to be controllably coupted to the 
expandable tubuter member 240 and.the open hole v»ellbore sectton 205. In thte 
manner, the anchoring device 235 preferably controllably anchors the expandable 
tubuter member 240 to the open hole wellbore section 205 to facilitate the radtal 
expansion of the expandable tobuter member 240 by the axtel dtepteoement of the 

20 exparwMon cone 230. The anchoring device 235 Includes one or more expandabte 
etements 260 that are adapted to controltebly extend from the body of the anchoring 
device 235 to engage both the ftexibte coupling etement 255 and the open hote 
wellbore sectton 205. The expandabte etemente 260 are actuated using fluldic 
pressure. The anchoring devtoe 235 te any one of the hydiaulicalhr actuated 

25 packers commerdaBy avalaWe from Halliburton Energy Seivtoes or Baker44ughe8. 

The expandable tubular member 240 is removably coupted to the expanston 
cone23a The expandabte ti*utar member 240 Is father preferably coupted to the 

ftexibte coupling etemerit 255. 

The expandabte tubuter member 240 further inchxtes a tower section 265. an 
30 intermedtete sectton 270. and an upper section 275. The tower sectton 265 te 
coupled to the flexible coupling etement 255 in order to provide anchoring at an end 

porttonoftheexpandabtetubutermember240. The wall thtekness of the tower and 
mtennedtete sedlons. 265 and 270. are tess than the wall thfckness of the upper 
sectton 275 in order to optimally ooupte the radtelly expanded portton of the 
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expandable tubular member 240 to the wellbore casing 200 and tlie open hole 
wellboTB section 205. 

The upper sealing members 245 are coupled to ttie outer surface of the 
upper portion 275 of the expandable tubular member 240. The upper sealing 
5 members 245 are preferably adapted to engage and fluididy seal the interface 
between the radially expanded expandable tubular member 240 and the wellbore 
casing 200. The apparatus 215 includes a plura% of upper sealing members 245. 

The lower sealtog members 250 are coupled to the outer surfece of the 
i4)per portion 275 of the expandable tubular member 240. The lower sealing 
10 members 250 are preferably adapted to engage and fluididy seal the Interface 
between the radially expanded expandable tubular member 240 and the open 
wellbore section 205. The apparatus 215 indudes a (durality of lower seaBng 
memt>ers250. 

The flexible ooupHrig element 255 is coupled to the lower portion 265 of the 

IS expandable tubular member 240. The flexible ODupling element 255 is preferably 
adapted to radially expanded by tte anchoring device 235 into engagement within 
the walls of the open hole weHbore section 205. In thte manner, the lower portion 
265 of the expandable tubular member 240 is coupled to ttie walls of the open hole 
wellbore section 205. The flexible coupling element 255 is a slotted tubular 

20 member. The flexible coupling element 255 indudes one or nK>re hoolc elenients fo^ 
engaging the waRs of the open hole wellbore section 205. 

As illustrated in FIG. 2a, the apparatus 215 is preferably positioned with the 
expandable tubular member 240 positioned in overlapping relation with a portion of 
the wellbore casing 200. In ttiis manner, the radially expanded tubular member 240 

25 is coupled to ttie lower portion of ttie weRbore casing 200. The upper sealing 
members 245 are positioned in opposing relation to ttie lower portion of ttie wellbore 
casing 200 and ttie lower sealing members 250 are positioned in opposing refaflon 
to ttie walls of ttie open hole weibore section 205. In this manner, ttie interface 
between ttie radially expanded tubular member 240 and ttie wellbore casing 200 

30 and open hole weiibore section 205 is opUrnaHyfluMi^^ 

As niietraled in FIG. 2b. ttie apparatus 215 is ttien anchored to ttie open 
hole weHbore section 205 using ttie anchoring device 235. The anchoring device 
235 is pressurized and ttie expandable dement 260 is radially extended from the 
anchoring device 235 causing the flexible coupling element 255 to radially e)^nd . 

35 into intimate contact witti ttie waHs of ttie open hole wellbore section 205. In ttiis 
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manner, the tower sedlon 265 of the expandable tubular member 240 is removably 
coupled to the walls of the oper» hole wellbore sedlon 205. 

A compressible cement andtor epoxy is then Injected into the omuiar space 
between the unexpended portion of the tubular member 240 and the weBbore casing 
100 and/or the open hole wellbore section 205. The compressible cement and/or 
epoxy Is then pemtftted to at least partially cure prior to the Wtiatto^ 
expansion piooess. In this manner, an annular structural support and fluidic seal Is 
provided around the tubidar member 240. 

As iBuslratBd In iFIG. 2c the expansion cone 230 is then axially displaced by 
applying an axial force to the second support member 225. The axial displacement 

of the expansion cone 230 radially expands the expandable tubular member 240 
Uto Wimate contact wHh the waUs of the open hole wellbore section 205. 

As Illustrated In FIG. 2d. the axial displacemenl of the expansion cone 230 is 
enhanced by ir^jecUng a pressurized fluldic material Into the annular space between 
theflret support member 220 and the second support member 225. lnthl8 Jn»«ier. 
an upward axial force is applied to the lovver annular face of the expansion oone 230 
using the pressurized fluidic material. In this manner, a temporary need fbr 
increased axial force during the radial expansion process can be easly satisfted. 

As Hlustrated In FIGS. 2e and 2f. after the expandabte tubutar member 240 
has iwen radially expanded by the axial displaoement of the expansion cone 230, 

the first supfXJrt mernber 220 and the anchoring device 235 are preferably removed 
from expandable tubular member 240 by de-pressurizing the anchoring device 235 
and then lifting the first support member 220 and anchoring deWoe 235 «^ 

weixwe casing 200 and the open hote weUbore section 205. 
25 Referring to FIGS. 3a. 3b. 3c and 3d, a method and apparatus fbr coupling 

an expandable tubuter member to a preexisting stnicture will be described. 
Refeiring to Fig. 3a. a vwBbore casing 300 Is positioned within a subterranean 
fbmntion305. The wellbore casing 300 may be positioned In any orientatton from 
the vertical direction to the horizontal directton. The wellbore casing 300 further 

30 indudes one or more openings 310 that may have been the result of unintentional 
damage to the wellbore casing 300. or due to a prior perforation or fracturing 
operation pertbnned upon the surrounding subterranean fwmatlon 305. As will be 
recognized by persons having ordinary sklM In the art. the openings 310 can 
adversely affect the subsequent operatton and use of the wellbore casing 300 

35 unless they are sealed off. 
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An apparatus 315 is utilized to seal off the openings 310 in the wellbore 
, casing 300. More generally, the apparatus 315 is preferably utilized to form or 
repair wellbore casings, pipelines, or structural supports. 

The apparatus 315 preferably includes a support member 320, an expansion 
5 cone 3%. an anchoring device 330, an expandable tubular member 335, and one or 
more sealing members 340. 

The support member 320 Is preferably adapted to be coupled to a surfece 
location. The suppon member 320 Is further coupled to the expansion cone 325 
and the anchoring device 330. The support member 320 is preferably adapted to 
10 convey pressurized fluklic materials and/or electrical current and/or oommurycation 
signals from a surfeoe location to the anchoring device 330. The support member 
320 may, fbr exampte, be conventional commercially avallabie sGcIq wire, braided 
we, coiled tubing, or drHRng stodc material. 

The expansion cone 325 i^. coupled to the support member 320. The 
15 expansion cone 325 is preferably adapted to radially expand the expand 

member 335. when the expansion cone 325 Is axlally dtspteced relative to the 
expandable tubular member 335. 

The anchoring device 330 is coupled to the support nnember 320 arxl the 
expansion cone 325. The anchoring device 335 is preferably adapted to conirollably 
20 coupled to the expandabfe tutKilar meniber 335 to the wellbore casing 300. In tMs 
manner, the anchoring device 330 preferably controliably anchors the expandable 
tubular member 335 to the wellbore casing 300 to facilitate the radial exparaion of 
the expandable tubular member 335 by the axial displacement of the expansion 
cone 325. The anchoring device 330 Includes one or more expandabto elamenis 
25 345 that are adapted to controliably extend from the body of the anchoring device 
330 to radially dispiaoe conresponding engagement elemenis 350 provided in the 
expandable tubular member 335. The radial displaoement of the engagement 
elements 350 couples the expandabfe tubular member 335 to the wellbore casing 
300. The expandabfe elements 345 are pistons that are actuated using fluidic 
.30 pressure. The anchoring device 330 is any one of the hydraulically actuated 
anchoring devices oonrunerdally avaUabto from {Halliburton Energy Services or 
Balcer-Hughes. 

The expandable efements 345 are explosive devices that controilat)^ 
generate a radfelly directed exploeive force for radially displacing the engagement 
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elements 350. The explosive expandable elements 345 are shaped explosive 
charges oommerdally available from Hatfiburton Energy Sen/ioes. 

The expandable tubular member 335 is removably coupled to the expansion 
oone 325. The expandable tubular member 335 includes one or more engagement 
5 devices 350 that are adapted to be radially (fisplaced by the anchoring device 330 
into engagement with the walls of the wefibore casing 300. In this manner, the 
expandable tubular member 335 is coupled to the welboie casing 300. The 
engagement devices 350 include teeth for biting into the siiitee of the vwllbore 
casing 100. 

10 The expand^totobularmernber 335 further includes a towBT section 355, an 

intemiediate section 360, and an upper section 365. The lower section 355 includes 
the engagement device 350 in order to provide anchoring at an end portion of the 
expandable tubular member 335. The wall thidcness of the lower and IntennecfiatB 
sedSoTO. .355 and 360. are less than the vvaH thickness of the upper section 36^ 

15 order to optimally couple the radialy expanded poUkn of the expandable tubular 
member 335 to the weUboie casing 300. 

The sealing members 340 are coupled to the outer surface of the upper 
portion 365 of the expandable tubular member 335. The sealing members 340 are 
preferably adapted to engage and fkjididy seal the interface between the radially 

20 expanded expandabte tubular member 335 and the wellbore casing 300. The 
apparatus 315 includes a plurality of sealing members 340. The sealing members 
340 surround and isolate the opening 310. 

AsHustrated tot FIG. 3a. the apparatus 315 is pr^srably positioned witNn the 
wellbore casing 300 with the expandable tubular member 335 positioned in 

25 opposing relation to ttte opening 310. The apparatus 315 Includes a plurality of 
sealing members 340 that are positioned above and below the openfaig 310. In this 
ntanner. the radial expansion of the expandable tubular tnembor 335 optimally 
fluididy isolates the opening 310. 

As Kustrated In FIG. 3b. the expandable tubular member 335 of the 

30 apparatus 315 is then anchored to the welttwre ca^ 300 using the anchoring 
device 330. The anchoring device 330 is pressurized and the expandable eiement 
345 is extended from the anchoring device 330 and radiaRy displaces the 
corresponding engagement elemente 350 of the expandable tubular member 335 
into intimate contact with the weltt>ore cashg 300. In this manner, the lower section, 

35 355 of the expandabte tubular member 335 is coupled to the wellbore casing 300. 
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A compressible cement anctfor epoxy Is then Injeded into Ito 
between the unexpended portion of the tubular member 335 and the wellbore casing 
300. The convressWe ceinent antfor epoxy b then pemiltlBd to at least partially 

cure prior to the WBaBon of the radial expansion process, m this manner, an 
annular stmctural support and fluidic seal Is piwWed around the 

335. 

As illustrated in FIG. 3c. the anchoring device 330 is then deactS>«ted an^ 
the expansion cone 325 is axially dl8pl«»d by applying an axial force to the sup^ 
merhber320. The deactivation of the anchoring device 330 causes the expandable 
elemente 345 to radially retract mto the anchoring device 330. Alternatively, the 
expandable elements 345 are resllienlly coupled to the anchoring device 330. In 

this manner, the expandable elements 345 retract automatlcaily upon the 
deactivation of the anchoring device 330. The axial displacement of the expansion 
cone 325 radially expands the expandable tubular member 335 into Intihwte contact 

with the walls of the weUbore cesing 300. 

As liiuatrated in RG. 3d, after the expandable tubular member 335 has been 

. radially expanded by the axial displacement of the expansion cone 335. the support 
member 320. expansion cone 325. and the anchpring device 330 are prefsreWy 
removed from the expanded expandable tubular member 335; 

The opening 310 m the weHbore casing 300 b sealed off by the radlally 
expanded tubular meirtber 335. In this manner. repaHs to the weHbore casing 300 
are optimally provided. More generally, the apparatus 315 Is used to repair or Ibnn 

weHbore casings, pipelines, and stnictural supports. 

Refbning to RO. 4, a system 400 Ibr applying an axial fbrce to the expansion 

cones 130. 230. and 325 Includes a lifting device 406. a first support member 410. a 
shock absortwr 415. and a second support member 420. The system 400 is 
adapted to minimto the transfer of shocK toads, created during the completion of 
the radial expension of tubular members by the expansion cones 130, 230. end 325, 
to the HfUng devtoe 405. In this manner, the radial expansion of tubular membere by 
the expansion cones 1 30, 230 and 325 is provided in an optimally safe manner. 

The lifting device 405 is supported ate surface location and Is coupled to the 
first support member 410. The lifting device 405 may comprise eny number of 
conventional commefdally availabte HfUng devices suitebte for maniputoUng tubular 
members vvlthin a weiibore. 
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The first support member 410 is coupled to the lifting device 405 and the 
. shodc al)sort)er 415. The first support member 410 may comprise any number of 
oonventiortal commerdally available support members such as. for example. coBed 
tubing, a M siring, a wireline, braided wire, or a slick line. 
5 The shock absorber 415 is coupled to the first support member 410 and the 

second support member 420. The shock absorber 415 is preferably adapted to 
absort) shock toads transnAled finom the second support member 420! The shock 
abeort)er 415 may be any number of oommitional oommeidally avaDable shock 
at)sort)ers. 

10 The second support member 420 is oo(4)led to the shock ab80rt)er 41 5. The 

second support member 420 is further preferably adapted to be coupled to one or 
nme of the expandon cones 130. 230 and 325. 

During operation of the^tam 400. the Ming devk» applies an axial force to 
one! ofthe expansion cones 13Q. 230. ancl 325 in order to radially ocpand tubular 

IS members. Upon the oompietkm of Vhe radial expanston prboess. wtten the 
expansion cones 130. 230 and 325, exit the radially expanded tubular members, the 
sudden shock toads generated are absorbed, or at least minimized, by the shock 
ab80rt)er 415. to this manner, the radial expansion of tubular members by pulling 
the expansion cones 130. 230 and 325 using the HfUng devtoe 405 is provided in an 

20 optimally safe martner. 

R^erring to RG. 5, a coupling system SOO for use in the expandable tubular 
members 140, 240, and 335 will now be described. The system SOO includes an 
upper ring 505, a sealing element 510. and a tower ring 515. The upper ring 505. 
the sealing etement 51 0. and the tower ring 515 are provfcled on the outer surfiaoes 

2S of the expanded tubular members 140. 240. and 335. In this memner. when the 
expandabto tubular members 140, 240 and 335 are radially expanded, the upper 
ring 505. the sealing etoment 510. and the tower ring 515 engage Ihe interior 
surface of the preexisting stmctuie that the expandabto tubular members 140. 240 
and .335 are coupied to. The upper and tower rtogs. 505 and 515. penetrate the 

.30 interior surface of the preodsting stnjcture that the mpandabto tubular rnernbers 
140. 240 and 335 are coupled to to order to optimally anchor the tubular members 
140, 240 and 335 to the preexisting structure. The sealing etoment 510 is 
compressed into contact with the totertor surface of the preexisting structure that ttie 
expandable tubutar members 140. 240 and 335 are coupled to In order to optimally 
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fUWIdy seal the interface bet«reen the tu^^ 

preft)dsfing struduie. 

The upper and icww rings. 505 and 515. extend from the outer sw 

the tubular membeis 140. 240 and 335 by a distance of about 1^64 to % inches. 
The upper and lo««r rings. 505 and 61 5. extend about 1/8- fiom the outer surfaces 
of the tubular membera 140. 240. and 335 In older to optimally engage the 

pieexisttngstnjGture. 

The sealing elemenl 510 extends from the outer surfaces of the tubular 
meirtws 140. 240 and 335 by a distance substentteBy equal to the extensto^ 
upper and Kw«r rings. 505 and 515. above the outer surfaces of the tubular 
,nen*e«140.240and335. The sealing element 510 Is fabricated from oAber in 
oidertooptimaily fhrididy seal and engage the preexistlhg stmcture. 

The tubular membeis 140. 240 and 335 Include a plurality of the couplmg 
• systore 500. The ooupBng systems 500 are proNrtded on the 1^^ 
15 and upper portions of the tubular members 140. 240. and 335. 

Refeiring to FIG. 6. an expandable tubuter member 600 for use In the 
apparatus 115. 215 and 315 v»rtll be described. The tubuter member 600 preferably 
Includes a loy«r portion 605. an intemtedtete portton 610. and an upper portion 615. 

The lower portion 605 IS ooupted to the mtennedtato portion 610. Thetower 
portion 605 is further adapted to mate viillh the anchoring devices 135. 235. and 330. 
The io^ portion 605 further preferably Includes one or mora slotted portions 6M 
for facBteting the radial exiftnston of the 10-^ portton 605 by the anch^ 
135 235. and 330. In this manner, the lo««r portion 605 Of the tubular member 600 
is praferably radially expanded by the anchoring dovloes 135. 235. and 330 Into 
cortactwHhthepraexIstlngstniclura. Furthemwre. m this manner, the lov^ portion 
605 of the tabular member 600 is anchored to the preexisting stwdura pnor to the 

InWallonoflheradialexitonsion process. 

The lntem»edlate portion 610 IS coupted to the lower portion 605 and the 

upper portion 615. The waH thicknesses of the to««r and intennedlate portions. 605 
30 and 610. are less than the v«il thickness of the upper portton 615 .n enter to 
fadlilate the radW expanston of the tubular member 600. The tower and 
intermediate portions. 605 and 610. are preexpanded to mate with the 

*^ Refening to FIG. 7. an expandabte tubular member 700 for use In the 
35 apparatas 115. 215 and 315 wUI be described. The tubuter member 700 minimizes 
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the shock loads created upon the completion of the radial expansion process. The 
tid>ular member 700 Includes a lower portion 705, a lower transitionary portion 710, 
an intermediate portion 715. an upper transitionary portion 720, an upper portion 
725. and a sealing element 730. 
5 The lower portion 705 is coupled to the lower transitionaiy portion 710. The 

lower portion 705 is preferably adapted to mate with the expansion cone and the 
anchoring device. 

The lower transitionary portion 710 is coupled to the kmier portion 705 and 
the intamiediata portion 715. The lower transitionary portion 710 is adapted to mate 
10 with the expanskm cone. The waU thicknesses of the lower porflon 705 and the. 
tower trarisittonary portkm 710 are less than the vyal thicknesses of the intennediata 
portton 715. the upper transHkmary portion 720 and the upper portioh 725 in order to 
optimally fadUtalB the radial expanston process. 

The intermediate portkm 715 is coupled to the tower transitkmaiy portton 710 
15 and the upper transittonary portion 720. The outside diameter of the intemiediate 
portton 71 5 is toss than the wall thtoknesses of the tower portion 7(^ and the upper 
. portton 725. 

The upper transittonary portion 720 is coupled to ttte intermediate portton ■ 
71 5 and the upper portton 725. 

20 The upper portton 7K is coupled to the upper transittonary portion^. 

The sealing element 730 is coupled to the outside suifece of the 
intemnediate portton 715. The outstoe diameter of the sealing etoment 730 is toss 
than or equal to the outside dtometer of the tower portion 705 and the upper portton 
725 in order to optimally protect the sealing etoment 703 during plaoement of the 

25 tubular member 700 within the prsexislirig structure. 

During th» radial expanston of the tubular rnmber 700 using the apparatus 
115. 215 and 315. the preexpanston of the upper transMianary portton 720 and the 
upper portton 725 reduces the shock toads typtoaUy created during the end portton 
of the radial expanston process. In this manner, the radtal expansion process is 

30 optimally provkied in a safe manner. Furthemnoie. because the sealing etoment 730 
to preferably recessed below the surfeces of the tower portton 705 and the upper 
portion 725, the sealing etoment 730 is optimally protected from damage durtog the 
placement of the tubutor member 700 witt4n the preextottog structure. 
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Referring to FIG. 8. an expandable tubular member 800 for use in the 
apparatus 1 15, 215 and 315 will be descrS>ed. The tubular member 800 preferably 
ffidudes a tamr portion 805, an intermediate portion 810, and an upper portion 81 5. 
The lo^ portion 805 is coupled to the Intenmediate portion 810. The lower 

5 portion 805 is further adapted to nnate with the expansion cones 130, 230, 325 and 
the anchoring devices 135, 235, and 330. The intenmediate portion 810 is coupled 
to the lower portion 805 and the upper portion 815. The wall thicknesses of the 
tower and intermediate portions, 805 and 81 0, are less than the waV tMduness of the 
upper portion 815 in order to fadRtate the radial expansion of the tubular nnember 

10 800. The lower and intemiedlatB portions, 805 and 810, are preexpanded to nr^ 
with the expansion cone. 

The upper portion 815 is coupled to the intenmediate portion 810. The upper 
portion 815 further preferably indudes one or more slotted portions 820 for 
fadtitating the radial expansion of the ufiper portion 815 by the expansion cones 

15 130, 230, and 325. In this manner, the upper portion 815 of the tubular member 800 
is preferably radially expanded by the expansion cones 130, 230, and 325 with 
mininial shodc loads when the expansion cones 130. 230 and 3^ exit the 
expandable tubular menr4)er 800. 

Referring to FIG. 9, a nr)ethod of applying an axial force to the expansion 

20 cones 130, 230, and 325 will now be described. The axial displacement of the 
expansion cones 130, 230, and 325 during the radial expansion process Is provided 
by applying an axial force to the expansion cones 130, 230, and 325. The axial 
force provided includes the application of a substantially constant axial force for 
some time periods and the application of increased axial force for other time periods 

25 in order to optimally fedlitate the radial expansion procsss by minimizing the effede 
of friction. The application of the inoeased axial force is.provided on a periodic 
l>asls in order to optimally provide a variat^ contad arsa between the expansion 
cone and the tubular member being expanded. The application of ttie increased 
axial force te provided on a random basis in order to optimally provide a variable 

30 contad area between tiie expansion cone and ttie tubular member being expanded. 
The duty cyde of the application of constant and Increased axial forces ranges from 
about 90/1 0 % to 60/40 % in order to optimally radially expand ttve tubular members. 
The ratio of the increased axial force to ttie substantially constant axial force ranges 
from about 1.5 to 1 to about 4 to 1 in order to optimally provide a variable contact 

35 area between ttie expansion cone aind the tubular member being expanded. 
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promote more even wear of the expansion cone, and dean debris from the 

expansion cone surfece. 

Refenlng to FI6S. 10a to Id. an apparatus and method for forming a 
weWxw casing vnW now be described. As Hlustialed In FIG. lOa. a weHbore casing 
1000 and an open hole wellboie sedlon 1005 are provided m a subterranean 
formation 1010. The weBbore casing 1000 and open hole vi^Bbore sedion 1005 
may be orientated at any orientation ranging from the vertical to the horizontal. A 
new sedion d wellbore casing is fanned In the open hole vweUbore sedlon 1005 
using an apparatus 1015. More generally, the apparatus 1015 Is utilized to fbrni or 
repair wdlbore casings, pipelines, or structural supports. 

The apparatus 1015 preferably Indudes a first support member 1020. a 
second support member 1025. an expansion cone 1030. an andK)ring device 1035. 
an expandable tubular member 1040. one or more upper sealing members 1045. 
■ oneormoretowerseallngmembers1050.andaflexlbleoouplingelernent1^^ 
15 The fird support member102p Is preferably pdapted .to be coupled to a 

surface location. Thefifstsupportmember 1020 is further coupled to the andwring 

device 1035. The first support member 1020 is preferably adapted to convey 
pressurized fluWIc materials and^or dedrical current andtor commimicatlon 8^ 

frtxn a surface location to the andwring device 1035. THe first support member 
20 1020 may. for exampte. be conventtonaloommerdallyavallabte slide wire, braided 

wire. coHed tubing, er drilling stodc material. 

The second support member 1025 is preferably adapted to be coupted to a 

surfooe tocation. The second support member 1025 is further coupted to the 
expansion cone 1030. The second support member 1025 Is preferably adapted to 
25 pemtft the expansion cone 1030 to be axiallydlspteoed relative to the first support 

member 1020. The second support member 1025 may. for exampte. be 
oonventfonal oominerdally avaUabte didc wire, braided wire, cdted tubing, or drilUng 
stock material. 

The support member 1020 Is tetesoopically coupted to the support member 
30 1025, and the support member 1025 is coupled to a surface support member. 

' The expansion cone 1030 is coupted to the second support meinber 1025. 
The expansion cone 1030 is preferably adapted to radtolly expand the expandabte 
tubuter member 1040 when the expandon cone 1030 Is axially dispteoed retetive to 

the expandabte tubular member 1040. 
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The anchoring device 1035 is coupled to the first support member 1020. 
The anchoring device 1035 is preferably adapted to be controUabty coupled to the 
expandable tubular meiT4)er 1040 and the open hole weHbore section 1005. In this 
manner, the anchoring device 1035 preferably oontroHably anchors the expandable 
5 tubular member 1040 to the open hole weHbore section 1005 to fadStata the radial 
expansion of the expandable tubular member 1040 by the axial displacement of the 
expansion cone 1030. 

The anchoring device 1 035 includes one or more expandatrte elementfr 1 060 
that are adapted to contrdlably extend from the body of the anchoring device 1 035 
10 to engage both the flexible ooupling element 1055 and the open hole wellbore 
section 1005. The expandable elements 1060 are actuated using fluidic pressure. 

The anchoring device 1035 further includes a fluid passage 1036 adapted to 
receive a ball plug or (miersinr)ilarval>ring element In this manner, fluidic materials 
can be exhausted from the anchoring device 1035 and the fluid passage .1036 can 
15 be controllably plugged. The anchoring device 1035 is any one of the hydraulically 
actuated packers commercially available from HsdUburton Energy Services or Baker- 
Hughes, modified In accordance with the teachings of the present disctosure. 

The anchoring devices 135, 235, and 330 are also modified to includes a 
flukl passage that can be controllably plugged in order to perniit fiuklic materials to 
20 be exhausted from the anchoring devices 135, 235, and 330. 

The expandable tubular member 1040 is removably coupled to the 
expansion cone 1030. The expandable tubular member 1040 is further preferably 
coupled to the flexible ooupling element 1055. . 

The expandable tubular member 1040 further includes a tower secHbn 1065. 
2$ an Intemnediate sedton 1070, and an upper sedton 1075. The kiwer section 1065 
Is coupled to the flexible coupling element 1055 in order to provUe anchoring at an 
end portton of the expandable tubular member 1040. The wall thkioiess of the. 
tower and intermediate sedtone, 1 065 and 1 070. are less than the waU thickness of 
the upper sedton 1 075 in order to ofrtimaUy couple the radiaBy expanded portton of 
30 the expandaUe tubular member 1040 to the wellbore cashg 1000 and the open 
hoto wellbore sectton 1005. 

The expandable tubular member 1040 is further provkied in accordance with 
the teachings of expandable tubular members described above and illustrated in 
FIGS. 5-8. 
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The upper sealing members 1045 are coupled to the outer surface of the 
upper portion 1075 erf the expandable tubular member 1040. The upp^ sealing 
members 1045 are preferably adapted to engage arKl fluididy seal the interftice 
between the radially expanded expandable tubular niemt>er 1040 and the wellbore 
5 casing 1000. The apparatus 1015 includes a plurality of upper sealing members 
1045. 

The lower sealing members 1050 are coupled to the outer surface of the 
upper porfon 1075 of the expandable tubular member 1040. The kMver sealing 
members 1050 are preferably adapted to engage and fluididy seal the intertace 
10 betvveen the radially expanded expandable tubular member 1040 and the open 
weBbore section 1005. The apparatus 1015 indudes a plurality of lower sealing 
members 1050. 

The flexible couplhg element 1055 is coupled to the lower portion 1065 of 
the expandafate tubular member 1040. The flexible coupling element 1055 is 

15 prsferabiy adapted to radially expanded by th9 anchoring device 1035 into 
engagement within the waHs of the open hole wellbore section 1005. In this 
manner, the lower portion 1065 of the expandable tubular member 1040 is coupled 
to the wals of the open hole wellbore section 1005. The flexible coupling element 
1055 is a slotted tubiriar menr4)er. The ftexible coupling element 1055 indudes one 

20 or more hook elements tor engaging the walls of the open hole wellbore section 
1005. 

As illustrated in FIG. 10a. the apparatus 1015 is preferably positioned with 
the expandable tubular member 1040 positioned in overlapping relation with a 
portion of the wellbore casing 1000. In this manner, the radially expanded tubular 

25 member 1040 Is coupled to the lower portion of the weHbore casing 1000. The 
upper sealing menters 1045 are positioned in opposing relation to the lower portion 
of the wellbore casing 1000 and the lower sealing members 1050 are positioned In 
opposing relation to the walls of the open hole wellbore section 1005. In this 
manner, the inters between the radially expanded tubular member 1040 and the 

30 wenbore casing 1000 and open hole wellbore section 1005 Is optimally fluididy 
sealed. 

As illustrated in FIG. 10b, A quantity of a non-hardenable fluidic nrateiial is 
then in^ded into and then out of the apparatus 101 5. The non-hardenable material 
is discharged from the apparatus 1015 using the valveabie flow passage 1065. The 
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non-hardenable fluidic material may be any number of conventional commerdaily 
availat>le fluidic materials such as, for example, drilling nuid. 

As niustrated in FIQ. 10c, A quantity ot a hardenable fluidic sealing material 
is then iniected into and out of the apparatus 1015. The hardenat)le fluidic sealing 
S material Is e)(haustad from the apparatus 1015 using the valveable flow passage 
1065. The hardenable fluidic sealing material is permitted to completely fill the 
annular space between the tubular member 1040 and the open hole weHbore 
section 1005. The harder»ble fluidic eedng . material may be any number of 
conventional oommerdaNy available materials such as. for example, cement, slag 
10 nnc and/or epoxy resin. In this marmer. a fluidic sealing annular element Is provided 
around the radially expanded tubular member 1040. 

As illustrated In FIG. lOd, Another quantify of a non-hardenable fluidic 
material Is then ir^jected Into and out of the apparatus 1015. A baD plug or dart 
1080. or other simUar fluid passage bloddng device. Is placed into the non- 
15 hardenable fluid material. The ball plug 1080 then seats iii and seals off the 
valveable fluid passage 1065. in thte manner, the anchoring device 1035 is then 
pressurized to anchor the tubular member 1040 to ttte open hole wellbore section 
1005. 

The valveable fluid passage 1065 includes a remote or pressure activated 
20 valve for sealing off the valveable fluid passage 1065. 

As illustrated in FIG. lOe. The apparatus 1015 is then anchored to the open 
hole weilbore section 1005 using the anchoring device 1035. The anchoring device 
1035 is pressurized and the expandable element 1060 is radiaify extended from the 
anchoring device 1035 causing the flexitrie ooupUng element 1055 to radially expand 
25 Into intirnalecontadwith the wans of the open hole wellbofetection 1005. In this 
manner, the. lower section 1066 of the expandable tubular member 1040 is 
removably coupled to the walls of the open hole weHbore sedton 1005. 

As llustretad In FIG. lOf. the expansion cone 1030 Is then axlaly displaced 
by applying an axial force to the second support member 1025. The axial 
30 displaoement of the expansion cone 1030 radially expands the expandable tubular 
member 1040 Mo intimate contact with the walls of the open hote welbore section 
1005. 

As illustrated in FIG. lOg, the axial displacement of the expansion cone 1030 
is enhanced by injecting a pressurized fluidic material into the annular space 
35 between the first support member 1020 and the second support member 1025. in 



this manner, an upward a)dai force Is applied to the iower annular face of ttie 
expansion cone 1030 using the piessuriad fMdic material. In this manner, a 
temporary need for inoBased axial force during the radial expansk^ 
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The. hardenable fluldlc sealing matarial is then penritted to at least partial 

As Hhistrated In FIGS. lOh and IW. after the expandable tubular member 
1040 has l)een radially expanded by the axial displacement of the expansion cone 

1030, the first support member 1020 and the anchoring device 1035 are preferably 
10 removed from expandable tubular member 1040 by d^Dressurizing the anchoring 
device 1035 and then llfHng the first support member 1020 and anchoring device 
1035 from the weUbore casing 1 000 and the open hole vwBbore section 1 005. 

The resulting new section of weHbore casing Includes the radially expanded 
tubular member 1040 and the outer annular layer of the cured fluldlc sealing 
15 material. In this manner, a new sedton of wellbore casing Is optimalh^ 

. 1^ generally, the apparatus 1015 is used to form and^or repair weHbore casings. 

pipelines, and stnjctural supports. 

Referring to FIGS. 11a to llg. an apparatus and method far coupling an 
expandable tubular member to a preexisting slnidure wiH now be described. 
20 Referring to Fig. 11a. a v««ilbore casing 1100 is positioned withfa a suW^^ 
1bm«tlon 1105. The weBbore casing 1100 may be positioned In any orientation 
liom the vertical dtoedion to the horizontal dlredfan. The weHbore casing 1100 

further Includes one or more openings 1110 thai may have been the result of 
unintentional damage to the weBbore casing 1100. or due to a prior perforetton or 

25 fracturing operation perfonned upon the surrounding subtenanean fonnabon 1105. 
As win be recognized by pereons having ordinary skiU m the art. the openings 1110 

can adversely affect the subsequent operation and use of the weHbore ^ 

untess they are seated off. 

An apparatus 1115 is utHized to seal off the openings 1110 In the weHbore 
30 casing 1100. More generally, the apparatus 1115 Is preferably uBtod to fom» or 

repair weHbore casings, pipelines, or stwctural supports. 

The apparatus 1115 preferably Includes a firat support member 1120. a 

second support member 1125. an expanston cone 1130. an anchoring device 1135. 

and expandable tubufar member 1140. and one or more sealing members 1145. 
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T\m first support member 1120 is preferably adapted to be coupled to a 
. surface location. The first support member 11 20 is further coupled to the anchoring 
device 1135. The first support member 1120 is preferably adapted to convey 
pressurized fluidic materials and/or electrical current and/or communication signals 
5 from a surface location to the anchoring device 1135. The first support member 
1120 preferably has a substantially hollow annular cross secUonal shape. The first 
support member '1120 may, for example, be tabricaled from converitional 
conmerciaHy available sKck wire, braided wire, coiled tubkig, or drflling slock 
material. 

10 The second support menter 1125 is preferably adapted to be coupled to a 

surfeoe location. The second support member 1125 Is further coupled to the 
expansion cone 1130. The second support member 1125 is preferably adapted to 
penmit the expansion cone 1130 to be axially displaced relative to the first support 
member 1120. The second support member 1125 may, for example, be 

15 conventional commercially available slick wire, braided wire, coiled tubing, or drilfing 
stock nnatortal. 

The first support member 1120 is coupled to a surfoce locatkxi by a slip Joint 
and/or sliding sleeve apparatus that is concentrically coupled to the second support 
memt>er 1125. 

20 The expansion cone 1130 is coupled to the second support member 1125. 

The expansion cone 1130 is preferebly adapted to radially expand the expandable 
tubular mennber 1140 when the expanston cone 1130 is axially displaced relative to 
the expandable tubular member 1 140. 

The ancfKNing devtoe 1135 is coupled to the first s^^port member 1120. 

25 The anchoring device 1135 is preferably adapted to be controttably coupled to the 
expandabte tubular member 1 140 and the wellbore casing 1100. In tMs manner, the 
.anchoring devtoe 1135 preferably controllat>ly anchore the expandable tubular 
member 1140 to the wellbore casing 1100 to fedBtate the radial expanston of the 
expandable tui>ular member 1140 by the axial displacement of the expansion cone 

.30 1130. The anchormg device 1135 includes one or more expandable elements 1150 
that are adapted to controltably extend from the body of the arK^horing device 1 1 35 
to engage both the expandable tubular member 1 140 and the wellbore casing 1 1 00. 
The expandabte elements 1150 are actuated using fiutdic pressure. The anchoring 
device 1 135 is any one of the hydreulically actuated packers commercially avaitebte 
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from Halliburton Energy Services or Balcer-Hughes nrKxlified in acoordance with the 
teachings of the present disclosure. 

The expandable tubular member 1140 is renK>vably coupled to the 
expansion cone 1130. The expandable tubular nnember 1140 is further preferably 
5 adapted to be removably coujpted to the expand^e elements 1 1 50 of the anchoring 
device 1135* The expandable tubidar member 1140 includes one or more 
anchoring windows 1155 for permitting the expandable elements 1150 of the 
anchoring device 1135 to engage the weObore casing 1100 and the expandable 
tubular member 1140. 

10 The expandable tubular member 1140 further includes a lower section 1160. 

an intennediate section 1165. and an upper section 1170. The lower section 1160 
rests upon and is supported by the e)qpan8ion cone 1130. The Intermediate section 
1165 includes the anchoring windows 1155 in order to provide anchoring at an 
intemiediate portion of the expandable t^ 

15 The sealing members 1145 are obupicid to the outer surface of the 

expandable tubular member 1140. The sealing members 1145 are prtferably 
adapted to engage and iluididy seal the interface between the radially exparKled 
expandable tubular member 1140 and the wellt>ore casing 1100. The apparatus 
1115 includes a plurality of sealing members 1145. The sealing meml>er5 1145 

20 surround and isolate the opening 1110. 

As illustrated in FIG. 11a, the apparatus 1 1 15 is preferably positioned within 
the wellbore casing 1100 with the expandable tubular member 1140 positioned In 
opposing relation to the opening 1110. The apparatus 1115 inductes a pluratity of 
sealing members 1145 that are positioned above and below the opening 1110. In 

25 this manner, the radial expansion ofthe expandafcile tubular member 1140 optimally 
fiuididy isol84BS the opening 1110. 

As ilustiBted in FIG. Ilb^ the apparatus 1115 is ttien anchored to tiie 
weNliorecasing 1100 using the anchoring device 1135. the anchoring device 1135 
is pressurized and the expandable element 1150 is extended firom the anchoring 

30 device 1135 through the oorrssponding anchoring window 1155 in the expandable 
tubular nriember 1140 into intimate contact with the wellbore casing 1100. In this 
manner, the intenmediate section 1165 of the expandable tubular member 1140 is 
removably coupled to the wellbore casing 1 100. 

A compressit>le cement and/or epoxy is then injected into at least a portion of , 

35 the annular space between the unexpended portion of the tubular member 1 140 and 
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the weltbore casing 1100. The compressible cement and/or epoxy is then pemiitted 
to at least partially cure prior to the initiation of the radial expansion process. In this 
manner, an annular structural support and fluidic seal Is provided around the tubular 
member 1140. 

5 As illustrated in FIG* 11c» The expansion cone 1130 is then axially displaced 

by applying an axial force to the second support member 1125. The axial 
displacement of the expanskxi cone 1130 radially expands the lower section 1160 of 
the expandable tubular member 1140. into intimate contact with the walls of the 
wdibore or the wellbore cashg 1 100. 

10 As illustrated in FIG. lid, The axial displacement of the expansion cone 

1130 is stopped once the expansion cone 1130 contacts the lower .portion of the 
anchoring device 1 1 35. 

As illustrated in FIG. 1 1e» The anchoring device 1 135 is then decoupled from 
the weHbore casing 1 100 and the expandable tubular member 1 140. 

15 As illustrated in FIG. 1 1f, The axial dispiacenient of the expansion cone 1 130 

is then resumed. The anchoring device 1135 is also axial displaced. In this 
. manner, the lower section 1160 of the expandable tubular memt)er 1140 is self- 
anchored to the wellbore casing 1100. The lower section 1160 of the expandable 
tubular member 1140 includes one or more outer rings or other coupling memt>ers 

20 to facffilate the self-anchoring of the lower section 1160 of the expandable tutnilar 
member 1 140 to the wellbore or the wellbore casing 1100. 

As Illustrated in FIGS. 11g, after the expandabto tidHJiar member 1140 has 
been completely radially expanded by the axial displaoement of the expansion cone 
1130. the 1110 m the welBxxe casing 1100 is sealed off by the radialiy expanded 

25 tubular member 1140. In this manner, repairs to the wellbore casing 1100 are 
optimally provided. More generally, the apparatus 11 15 is used to repair or form 
wellbore casings, pipebies, and structural supports. The inside diameter of the 
radially expanded tubular menrd)er 1 140 is sut)stantially constant 

Referring to FIGS. 12a to 12d. an apparatus end method for coupHng an 

30 expandable tubular member to a preexisting structure will now be de$crit)ed. 
Referring to Fig. 12a, a wellbore casing 1200 is positioned within a subterranean 
fonnation 1205. The wellbore casing 1200 may be positioried In any orientotion 
from the vertical direcfion to the horizontal direction. The wellbore casing 1200 
further includes one or more openings 1210 that may have been the rssuit of 

35 unintentional damage to the wellbore casing 1200, or due to a prior perforation or 
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fracturing operation perfbmied upon the surrounding subteiranean formation 1205. 
As will lie recognized by persons having ordinary sMtt in the art. the openings 1210 

can adversely affect the subsequent operation and use of the weiHxve casing 1200 
unless they are sealed off. 

5 An apparatus 1215 Is utSized to seal off the openings 1210 in the welibore 

casing 1200. More generally, the apparatus 1215 Is preferably utiized to form or 
repair WBllbore casings, pipelines, or stnjdural supports. 

The apparatus 1215 preferably includes a support member 1220. an 
expandable expansion oone 1 225. an expandable tubular member 1235. and one or 

10 more sealing members 1240. 

The support rrwmber 1220 is preferably adapted to be coupled to a surface 
location. The support member 1220 is further coupled to the expandable expansion 
cone 1225. The support member 320 is preferably adapted to convey pressurized 
fluidic materials and/or electrical -ajnerit and/or communication signals fifom a 

15 surface location to the expandable expansion oone. The support member Ii220 
may. for exeunpie. be conventional oommerdally available sHck wire, braided wire. 
coHed tubing, or driliing stock material. 

The expandal>le expansion cone 12^ is coupled to the support merr^ 
1220. The expandable expansion oone 1225 is preferably adapted to radially 

20 expand the expandable tubular member 1235 when the expandable expansion cone 
1225 Is axlally displaced relative to the expandable tubular member 1235. The 
expandable expansion o)ne 1225 Is further preferably adapted to radially expand at 
least a portion of the expandabto tubular member 1235 when ttie expandable 
expansion cone 1225 Is controllably radially wpanded. The expandable expansion 

25 oone 1225 may be any number of conventional commercially available radially 
expandabto expansion cones. The expandaUe expansion cpne 1225 is provided 
. substantially as disclosed in U.S. Patent No. 5.348.095. the disclosure of which Is 
incorporated hertin by reference. 

. The expandable tubular member 1235 is removably coupled to the 

30 expansion oone 1225. The expandabto tubular member 1235 includes one or more 
engegement devices 1250 that are adapted to coupto with and pen^rato the 
welibore casing 1200. In this manner, the expandable tubular member 1235 is 
optlmally coupled to the welibore casing 1200. The engagement devices 1250 
include teeth for biting into the surfece of the welibore casing 1200. 
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The expandable tubular member 1235 further includes a tower secilan 1255. 
an Intermediate section 1260. and an upper secBon 1265. The totwer sedtonlKS 
Includes the engagement devices 1250 m order to provide anchoring at an end 
portion of the expandable tubular member 1235. The vyall thickness of the tonwer 

5 and Intermediate sections. 1255 and 1260. are less than the wall thickness of the 
upper secHon 1265 In older to optimally f^nllitate the radial expansion ofthe kiwer 
and intemwdiate sectkxm. 1255 and 1260. of the expandable tubular member 1235. 
The kMver sectton .1255 of the mqiandabie tubular inernber 1235 Is skitted in order t^ 
optimally finale the radial expansion of the lower section 1255 of the expandable 

10 tubular member 1235 using the expandable expanskm cone 1225. 

The seeing, members 1240 are preferably coupled to the outer surface of the 
upper portk)n 1265 of the expandable tubular member 1235. The se^ng members 
1240 are preferably adapted to engage and fluidlciy seal the interface between the 
radially expanded e)q)andable tubular rriernber 1235 and the w»Bbore casing 1200^ 

15 The apparatus 1215 inchides a plurality of sealing members 1240. The sealing 
members 1240 surround and Isolate the opening 1210. 

As iUustrated in FIG. 12a. the apparatus 1215 is preferably posHtoned virtthln 
the \welibore casing 1200 vnth the expandable tubular member 1235 posifioned In 
opposing relatkxi to the opening 1210. The apparatus 1215 Indudes a phjraBty of 

20 sealing members 1240 that are posiltoned above and bekw the opening 1210. In 
this manner, the radial expanston of the expandable tubular member 1235 optimally 

flukUdy Isolates the opening 1210. 

As lilustrated in FIG. 12b. the expandable tubular member 1235 of the 
apparatus 1215 Is then anchored to the welbofe casing 1200 by expanding the 
25 expandable expansion oone 1225 Into contact vvfth the kmi sedton 1255 of the 
expandable tubular member 1235. The lower sectton 1255 of the expandable 
tubular member 1235 Is radially expanded Into Intimate contact with the wellbors 
casing 1200. The engagement devices 1250 are thereby coupled to, and at least 
partially penetrate into, the vi«libore casing 1200. In this manner, the krmr sedkxi 
, 30 1255 of the expandable tubular member 1235 Is optimally coupled to the wfellbore 
casing 1200. 

A comprBssible cement and/or epoxy is then injected into the annular space 
between the unexpended portton of the tubular member 1235 and the weObore 
casing 1200. The convressible cement and/or epoxy may then be perniMed to at 
35 least partially cure prior to the Wtlalfon of the radial Qxpanskxi process. In this 

35 
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manner, an annular structural support and fluidic seal Is provided around the tubular 
meinl)er 1235. 

As illustrated in FIG. 12c the expandable expansion cone 1225 is then 
axiallydispiaoed by applying an axial fbioe to the support nwnrt^ Theaxiai 
5 displaceinent of the wcpansion cone 1225 radiSRy expands the expandable tubular 
rmmber 1 235 Into intimate a>ntad With the waOs of the vvellbore casing 1 200. 

As iUustratad in FIG. 12d. After the expandable tubular niember 1235 has 
been radially expanded by the axial, displacement of the expandable expansion 
cons 1235. the opening 1210 In the wsilbore easing 1200 is sealed off by the 
10 radially expanded tubular member 1235. In this manner, rapaire to the weHbore 
casing 1200 are optimally provided. Mora generally, the apparatus 1215 Is used to 
repair or form welttwre casings, p^ltnes. and stnidural supports. 

Referring to RQS. 13a to 13d, an apparatus and method for coupling an 
expandable tubular member to a preexisting stmcture will now be described. 
15. Referring to Fig. 13a. a wellbore casing 1300 is positioned within a subterranean 
fbnnation 1305. The weObore casing 1300 may be positioned hi any orientation 
. from the vertical direction to the horizontal diiection. The wellbore casing 1300 
further includes one or more openings 1310 that may have been ttw result of. 
unintentional damage to the weHbore casing 1300. or due to a prior perforation or 
20 fracturing operation p er f wmed upon the surrounding subterranean formation 1305. 
As will be recognized by persons having ordinary skin in the art. the openings 1310 
can adversely affect the subsequent operation and use of the welibore casing 1300 
unless they are sealed off. 

An apparatus 1315 is utHized to seal off the openings 1310 in the welRxm 
25 casing 1300. More generally, the apparatus 1315 is prsfsrably utUzad to fbmn or 
repair welibore casings, p^ines. or structural supports. 

The apparatus 1315 prBferably includes a support member 1320.. an 
expansion cone 1325. an expandable tubular member 1335, a heater 1340. and one 
or more sealing members 1345. 
30 The support member 1320 is preferably adapted to be coupled to a surface 

location. The support member 1320 is further coupled to the expansion cone 1325. 
The support member 1320 is preferably adapted to convey pressurized fluidic 
materials and/or electrical cunrent and/or communication signals from a surface 
location to the expansion cone 1325 and heater 1340. The support mennber 1320 
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may. for example, be conventional commercially available sMck wire, braided wire. 
ooBed tubing, or drilKng stock materM. 

The expansion cone 1325 Is coupled to the support member 1320. The 
expansion cone 1325 Is preferably adapted to radially expand the expandable 
tubular member 1335 when the expansion cone 1325 Is axlally displaced relative to 
the expandable tubular member 1335. The expansion cone 1325 may be any 
number of conventional commerdaBy available expansion cones. 

The expandable tubular member 1335 Is removably coupled to the 
expansion cone 1325. The expandable tubular member 1335 includes oi>e or more 
engagement devices 1350 that are adapted to couple with and penetrate the 
weilbore casing 1300. In tWs manner, the expandable tubular member 1335 Is 
optimally coupled to the weilbore casing 1300. The engagement devices 1350 
include teeth for Wtlng into the surface of the «»Wbore casing 1 300. 

The expandable tubular member 1335 further Includes a lower section 1355. 
an Intemiedlate section im and an upper section 1365. The 10^^ 
includes the engagement devices 1350 In order to provide anchoring at an end 
portion of the expandable tubular member 1335. The wa« thickness of the tower 
and intem«dlate sectkM«. 1355 and 1360. are less than the wall thk*ne8S of the 

upper sedton 1 365 In order to optimally facilitate the ladiai expanston of the tower 
and intennedlate secttons. 1355 and 1360. of the expandable tubular member 1335. 

The tower sedton 1355 of the expandabte tubular member 1335 indudes 
one or more shape memory metal inserts 1370. The inserts 1 370 are adapted to 
radially expand the tower sedton 1355 of the expandabte tubular member 1335 into 
intimate contad with the welbore casing 1 300 when heated by the heater 1340. 
The shape memory metal inserts 1370 may be fabricated from any number of 
oom«nttonal commerdaliy avayabte shape memory altoys sudi as. for example. 
NITl or NlTiNOL using conventtoriai fomning processes sudi as. for exampte. those 
described in U.S. Patent Nos. 5.312.152. 5.344.506. and 5.718.531. the disdosures 
of whidi are incorporated herein by reference. In this manner, the shape memory 
metal inserts 1370 preferably radially expand the tower section 1355 of the 
expandable tubular member 1335 when the Inserts 1370 are heated to a 
temperature above their transfom«tfen temperature using the healer 1340. Tto 

tninsfomiatton temperetum of the inserts 1370 ranges from about 250» F to 450^ F. 
The material compositton of the tower sedion 1355 of the expandabte tubuter 
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member 1335 is further selecled to maximize the radial expansion of the lowvef 
section 1355 during the transformation process. 

The Inserts 1370 are positioned within one or more corresponding recesses 
1375 provided in the lower section 1355 of the expandable tidtNJiar member 1335. 
5 ARemativeiy. the Inserts 1370 are oompleteiy contained within the lower section 
1355 of the expandable tutHiiar meinber 1335. 

The heater 1340 is coupled to the support member 1320. the heater 1340 
is preferably adapted to contro8aWy generate a localized heat source for elevating 
the temperature of the inserts 1370. The heater 1340 Includes a conventional 
10 thermostat control in order to control the operating temperature. The heater 1340 Is 
preferably controlied tiy a surface control device In a cpnventionai manner. 

The sealing members 1345 are prefsrably coupled to the outer surface of ttw 
upper portion 1365 of the expandable tubular member 1335. The seabig members 
1345 are preferably adapted to engage ar)d fluidldy seal the inter^ between the 
15 radially expanded expantdat>le tubular member 1335 and the wellbore casing 1300. 
The apparatus 1315 includes a plurality of seaHng members 1345. The sealing 
members 1345 surround and isolate the opening 1310. 

As illustrated in FIG. 13a. the apparatus 1315 is preferably positioned witMn 
the weNbore casing 1300 with the expandable tubular member 1335 positioned in 
20 opposing relatton to the opening 1310. The apparatus 1315 includes a plurality of 
sealing membere 1345 that are positioned above and below the opening 1310. In 

this manner, the radial expcmslon of the expandabto tubular rnennber 1335 optimaHy 
fMdicly isolates the opening 1310. 

As illustrated in FIG. 13b. The expandable tubular member 1335 of the 

25 apparatus 1315 is thm anchored to the wellbore casing 1300 radially expanding 
the inserts 1370 using the heater 1340. The expansion of the Inserts 1370 causes 
the lower sM:tlon 1355 of the expandable tubular member 1335 to contact the 
wellbore casing 1300. The engagement devices 1350 are theretyy coupled to. and 
at least partially penetrate into, the wellbore casing 1300. In this manner, the lower 

30 section 1355 of the expandabto tubular member 1335 is optimally coupled to the 
welbora casing 1300. 

A compressit}le cement and/or epoxy is then irijected into the annular space 
between the unexpanded portion of the tubular member 1335 and the wellbore 
casing 1300. The compressible cement and/or epoxy may then be pemnitted to at 

35 least partially cure prior to the initiation of the radial expansion process. In this 
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manner, an annular structural support and fluWic sealls provided around the tubular 
member 1335. 

As lllustfaled In RG. 1 3c the expansion cone 1 325 Is then axiaBy dbplaced 
by applying an axial force to the support member1320. The axW displacement of 
5 the expansion cone 1325 radially expands the expandable tubular member 1335 

mto intimate contact with the walls of the wellbore casing 1300. 

As llkwlrated in FIG. 13d. After the expandable tubular member 1335 has 
been completely radially expanded by the axial displacement of the expansion cone 
1335. the opening 1310 in the wellbore casing 1300 is sealed off by the radially 
10 expainled tubular member 1335. In this manner, repairs to the weybore casing 
1300 are optimally provided. More generally, the apparatus 1315 is used to repair 
or fbrm weDbore casings, pipelines, and stwclural supports. 

Referring to FIGS. 14a to 14g. an apparatus and method for coupling an 
expandable tubular merhber to a preexisting structure will now be described. 
15 Referring to Rg. 14a. a wellbore casing 1400 is pcisltloned within a sMbterranean 
foonaBon 1405. The wellboie casing 1400 may be positioned in any orientation 
imm the vertical direction to the horizontal direction. The weMboie casing 1400 
further includes one or more openings 1410 that may have been the result of 
unintentional damage to the wellbore casing 1400. or due to a prior pertbraflon or 
20 fracturing operattonpertbrmed upon the surrounding subten«neanfbmw^ 

As wlU be recognized by persons havlhg ordinary sWII in the art. the openings 1410 
can adversely aflbct the subsequent operation and use of the wellbore casing 14W 

unless they are sealed off. 

An apparatus 1415 Is utHized to seal off the openings 1410 m the wellbore 
25 casino 1400. More generally, the apparatus 1415 is piBferaWy utilized to (bm 

repair wellbore casings. pipeHnes. or structural supports. 

The apparatus 1415 preferably includes a first support member 1420, a 
second support member 1425. a coupling 1430. an expandable tubular member 
1435. an expansion cone 1440. a third support member 1445. and a pedw 1450. 
30 The firet support member 1420 Is preferably adapted to be coupled to a 

■ surface location. The support member 1420 Is further coupled to the expansion 
cone 1440. The first support member 1420 Is preferably adapted to convey 
pressurized fluldic materials and/or electrical cunent andtor communication signals 
frame surface location to the expansion cone 1440 and the packer 1450. Thefiret 
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support member 1420 may, for example, be conventional commercially available 
slick wire, braided wire, coiled tubing, or drilling stock material. 

The second support member 1425 is preferably adapted to be coupled to a 
surface k)catk)n. Thesupportmember 1425 is further coupled to the coupling 1430. 
5 The first support member 1425 is preferably adapted to convey pressurtzed fluidic 
materials and/or eiedrical current arid/br cormnunicatton signals firom a surface 
k>catk3n to the coupling 1430. The second support member 1425 may. for example, 
be convenlkxial commercially avaBable slick wire. braUed wire, ooHed tubing, or 
drilling stock material. 

10 The coupfing 1430 is coupled to the second support member 1425. The 

coupling 1430 is further preferably removably coupled to the expandable tubular 
member 1435. The coupling 1430 may be any numtier of conventtonal 
commerdaBy available passive or actively controlied coupling devices such as. for 
example, packers or sVips. The coupling 1430 is a mechankal slip. . 

15 The expandable tubular member 1435 is removably coupled to the coupling 

1430. The expandable tubular member 1435 Includes one or more engagement 
devices that are adapted to couple wHh and penetrate the wellbore casing 1400. In 
this manner, the expandable tubular member 1435 is optimally coupled to the 
wellbore casing 1400. The engagement devices include teeth for triting into the 

20 surface of the wellbore casing 1400. The expandable tubular member 1435 further 
includes one or more sealing members on the outsUe surface of the expandat)ie 
tubular member 1435 In order to optimaSy seal the interfeoe between the 
expandable tubular ntember 1435 and the wdttXMre casing 1400. 

The expansk>n cone 1440 is coupled to the first support member 1420 and 

25 the third si4)port member 1445. The expanskm cone 1440 is preferably adapted to 
radially expand the expandable tubular member- 1435 when the expanston cone 
1440 is axiaHy displaoed relative to the expandabfe tubular nr^^ 

The third support member 1445 is preferably coupled to the expanston oone 
1440 and the packer 1450. Thethirdsupportmember1445ispreferably adapted to 

30 convey pressurized fluMic mater»ls and/or electrical cunent and/or oomnuinksitkKi 
signals from a surface k>catk>n to the packer 1450. The third support meiDber 1445 
may. for example, be conventional commercialiy availal3fe sttek wire, brakied wire, 
coiled tutring, or drilling stock material. 

The packer 1450 is coupled to the third support memt>er 1445. The packer 

35 1450 is further preferably adapted to oontrollably coupled to the wellt>ore casing 
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1400. The packer 1450 may be any number of conventional commercially available 
packer devices. A bladder, slipped cage assend)iy or hydrauito slips may be 
substituted for the packer 1450. 

As illustrated in FIG. 14a, the apparatus 1415 is preferably posifoned within 
5 the ^bore casing 1400 with the bottom of the expandable tubular member 1435 
and the top of the expanskm cone 1440 posittoned proximate the opening 1410. 

As illustrated in FIG. 14b, The packer 1450 is then anchored to the welibore 
casing 1400. In this mannsr, the expanston cone 1440 is maintained In a 
substantially stationary posttkm. 

10 As HkJStralBd in FIG. 14c The expandable tubular member 1435 is then 

kywersdtOMwds the stattonaryexpandon cone 1^^ As illustrated in FIG. 14d. the 
k>wer end of the expandable tubular member 1435 impacts the mpanston cone 
1440 and Is radially expanded into contact with the wellbore casing 1400. The lower 
end of the expdndat>le tubular member 1435 inciudes one or more engagement 

IS devices for engaging the wellbore casing 1400 in order to optimally couple the end 
of the expandable tubular mmtber 1435 to the weDbore casing 1400. 

A compre^ible cement and/or epoxy is then injected into the annular space 
between the unexpended porlton of the tubular member 1435 and the wellbore 
casing 1400. The compressible cement and/or epoxy is then permitted to at least 

20 partially cure prk>r to the initiatk>n of the radial expansion process. In this marmer, 
an annular structural support and fluidic seal is provkied around the tubular member 
1435. 

As illustrated in FIG. 14e. The packer 1450 is decoupled from the welibore 
casing 1400. 

25 As ilhistrated in FIG. 14f, The expanston cone 1440 is then axially displaced 

by applying an axial force to the first support member 1420. The axial displacement 
of the expanstoh cone 1440 radicdly expands the expandable tubular-member 1435 
Into Intimate contact with the walls of the welibore casing 1400. Prior to the initiation 
of the axial displacement of the expanston cone 1440, the oouplhig 1430 is 

30 decoupled from the expandable tubidar member 1430. 

As IHustrated in FIG. .14g, After the expandable tubular member 1435 has 
been completely radially expanded by the axial displaoement of the expanston cone 
1440, the opening 1410 In the wellbore casing 1400 is sealed off by the radially 
expanded tutnilar menrdier 1435. In this manner, repairs to the welibore casing 
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1400 are optimally provided. More gerteraliy. the apparatus 141S is used to repair 
or fbiin wenbore casirigs. pipeliries. arKi structural supp^ 

Referring to FIGS. 15a to 15d, an apparatus for coupling an expandatile 
tut>ularinen*er to a preexisting stmcturewBI now l» described. Riferring to Fig. 
5 15a, a wellbore casing 1500 is positioned wilhin a subterranean fonnalion 1505. 
The wellbore casing 1500 may be positioned in any orientation from the vertical 
direction to the horizontal dirw«on. The vwilbore casing 1500 further Includes one 
or more openhgs 1510 that may have been the result of unintentional damage to 
the weHbore casing ISOOi or due to a prior perforation or fracturing operation 
10 perfomwd upon *w surrounding subterranean formation 1505. As wfBI be 
recognized by persons having ordinary skin In the art, the openings 1510 can 
advereely affect the subsequent operation and use of the VKellbore casing 1500 
unless they are sealed off. 

An apparatus 1515 is utWzed to seal off the openings 1510 in the v»ellbore 
15 casing 1500. More generally, the apparatus 1515 is preferably utilized to fbnn or 
repair wellbore casings, pipelines, or structural supports. 

The apparatus 1515 preferably Includes a support Tnember 1520. an 
expandable tubular member 1525. an expansion cone 1530, a ooupttng 1535. a 
resBient anchor 1540. and one or more seals 1545. 
20 The support member 1520 tepr!BJBral»ly adapted to be coupled to a surface 

location. The support member 1520 Is further coupted to the expansion cone 1530. 
The support member 1520 is pffeferaWy adapted to convey pressurizwl fluidic 
materials andtor etoctrical current and/or communication signals from a surface 
location to the resment anchor 1540. The support member 1520 m«y. for exampte. 
25 be conventional commercially avallabte sik* vwre. braWed wire, coited tubing, or 
drilling stock material. 

The expandable tubuter nwmber 1525 is renrovably coupled to the 
expanskin cone 1530. The expandable tubular nwmber 1525 Includes one or more 
engagement devk»s that are adapted to couple with and penetrate the wellbore 
30 casing 1500. In this manner, the expandabte tubular member 1625 Is optimally 
' coupled to the wenbore casing 1500. The engagement devfces include teeth ftor 
biting into the suif&ce of the wellbore casing 1500. The expandabte tubuter member 
1525 further includes one or more seattng members 1545 on the ioutekte surface of 
the expandable tubular member 1525 In order to optimally seal the Interface 
35 between the expandabte tobuter member 1525 and the vwObore casing 1500, 
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The expandable tubular member 1525 includes a lower section 1550, an 
intemnedjate section 1555, and an upper section 1560. The vrali thicknesses of the 
lower and intemiediate sections. 1550 and 1555. are less than the waD thickness of 
the upper section 1560 in order to optimally fiadOtata the radial expansion of the 
5 expandable tubular member 1S25. The sealing members 1545 are provided on the 
outside surfiBoe of the upper section 1560 of the expandable tubular member 1S25. . 
The resilient anchor 1540 is coupled to the lower section 1550 of the expandable 
tubular nnember 1525 in order to optimaHy anchor the exparidable tutHJiar member 
1525 to the wellbore casing 1500. 

10 The expansion cone 1530 is coupled to the support member 1520 and the 

coupling 1535. The expansion cone 1530 is preliBrably adapted to radially expand 
the expandable tubular member 1525 when the expansion cone 1S30 is axially 
displaced relative to the expandable tubular member 1525. The expansion cone 
1530 rnay be any number of oonvenliqnal comnierclally avalb 

15 The coupling 1535 is preferably coupled to the support mismber 1520, the 

expansion cone 1530 and the resBient anchor 1540. The coupling 1535 is 
preferably adapted to convey pressurized fluidic materials and/or electrical cunrent 
amUw oommunication signals from a wiiace location, to the resilient anchor 1535. 
The coupling 1535 may, for example, be conventional conrvnerdaHy available sOck 

20 wire, braided wfre. coHed tubing, or driHing stock material. The coupling 1535 Is 
decoupled fmm the reslBent anchor 1540 upon initiating the axial displacement of 
the expansion cone 1530. 

The reslient anchor 1540 is preferably coupled to the tower sectton 1550 of 
the Bxparxlabte tubular member 1525 and the coupling 1535. The reslient anchor 
25 1540 is further preferably adapted to be conliollably coupled to the vMBlIb^ 
1500. 

. . Referring to FiOS. 16a and 16b, The resilient anchor 1540 includes one or 
more coiled resiliem membere 1600 and corresponding reieasable coupling devices 
1605. The resilient anchor 1540 is maintained in a comprassed elastic posltton that 

30 Iscontrollablyreleasedtherebycauslngtheresiiientanchor 1540 to expand in size 
thereby releasing the eiasHc enetgy stored within the resilient anchor 1540. As 
niustrated in FIG. 16b, when the coupling devtoe 1605 is released, the coiled 
resHient member 1600 at least partially uncoils in the outward radial direction. At 
least a portton of the coiled member 1600 is coupled to the tower secton 1550 of the 

35 expandable tubular membw^ 1525. The uncoiled memtrer 1600 thereby couples the 
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lower section 1SS0 of the expandable tubular member 1525 to ttie wellbore casing 
1500. 

The coiled member 1600 may be fabricated from any number of 
conventional commercially available lesHient materials. The coiled mentfier 1600 is 
5 fabricated from a rasHient materiai such as. for manple, spring steel. The coiled 
member 1600 is fabricated from nienwry nfietais In order to optimally pr^^ 
of shapes and siresees. 

The releasaUe ooupRng device 1605 maintains the coiled member 1600 is a 
coiled position untS the device 1605 is released. The releasabie coupling device 
10 1605 meiy be any number of conventional commercially available releasabie 
coupling devices such as. for exwnple, m explosive bott. 

The resilient anchor 1540 may be positioned in any desired orientation. The 
resiHent anchor 1540 is positioned to apply the maxinumi nonnal force to the walls 
of the weUxHe casing 1500 after releasing the resilient anchor 1540. 
15 As illustrated In FIGS. 17a and 17b. the resflient anchor 1540 includes a 

tubular member 1700, one or more resilient anchoring members 1705. one or more 
corresponding rigid attachments 1710. and one more conesponding releasabie 
attachments 1715. The resilient anchoring niember s 1705 . are maintained in 
compressed elastic condition by the conesponding rigid and releasabie 
20 attachments, 1710 and 1715. When the conesponding releasabie attachment 1715 
is released, the corresponding resilient anchoring member 1705 expands, releasing 
the stoTBd elastic energy, away from the tubular member 1700. 

As Hlustrated in FIG. 17a. one end of each resilient anchoring member 1705 
is rigicfly attached to the outside surface of the tubular member 1700 by a 
25 conesponding rigid attachment 1710. The other end of each resiHent anchoring 
member 1705 \s removably attached to the outside surface of the tubular member 
1700 by a oorresponding releasabie attachment 1715. As IBustraled in FIG. 17b. 
releasing the releasabie attachment 1715 permKs the resilient energy stored in the 
resilient anchoring member 1705 to be released thereby causing the resifient 
30 anchoring member 1705 to swing rsdially outward fnxn the tubular mernber 1700. 

The tubular member 1700 may be fabricated from any number of 
conventional materials. 

The resilient anchoring members 1705 may be fabricated from any nun^ 
of resilient materials. The resflient anchoring membws 1705 are fatiricated from 
35 memory metaf in order to optimally provide control of shapes and stresses. 
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The rigid attachments 1710 may be fatvicatBd from any number of 
conventional fx)mmeitiaily avaijable materials. The rigid attachments 1710 are 
fabricated fifom 4140 steel in order to optinrially provide high strengm 

The releasable attachments 1715 may be fabricated ftam any number of 
5 Gonventiorialcomnrierdally available devices such as. for manple, explosive bolts. 

As illustrated in FIGS. 18a and 18b. the lesitlent anchor 1540 Includes a 
tubular member 1800, one or more anchoring devices 1805. one or more resilient 
members 1810. and one or more release devices 1815. The anchoring devices 
1805 and resflient nrten^rs 1810 are malntirined in a compressed elaslic posHian 
10 by the release devices 1815. As illustrated in FIG. 18b. When the release devices 
1815 are removed, the anchoring devices 1805 and resilient members 1810 are 
permitted to expand outwardly in the radial direction. 

The tubidar mentf>er 1800 preferably includes one or more openings 1820 
Ibr containing the release devices 1815 and for permitting the anchoring devices 
15 -1805 to pass through. Tha tubular member 1800 may be fabricated from any 
number of conventionai oommeroially available materials. The tubular member 
1800 is fabricated from 4140 steel In order to optimally provide high strength. 

The anchoring devices 1805 are housed within the tubular member 1800. 
The anchoring devices 1805 are preferatriy adapted to at least paitidiy extend 
20 through the corresponding openings 1820 In the tubular member 1800. The 
anchoring devices 1805 are preferably adapted to couple to. and at least partiaRy 
penetrate, the surface of the vneObore 1500. The anchoring devices 1805 may be 
fabricated from any number of durable hard materials such as, for example, 
tungsten carbide, machine tool steel, or hard faced steel. The anchoring devices 
25 1805 are fabricated from machine tool steel in order to (^lOmally provide high 
strength, hardness, and fracture toughrtess. 

The resilient membere 1810 are coupled to the kiside surfeoe of the tubular 
member 1800. The resilient members 1810 are preferably adapted to apply a radial 
force upon the con^ponding anchoring devices 1805. When the release devices 
30 1815 release the anchoring devices 1805, the resilient membere 1810 are preferably 
adapted to force the anchoring devices at least partially through the correspontfng 
openings 1820 into contact with, to at least partially penetrate, the welibore casing 
1500. 

The release devices 1815 ere positioned within and coupled to the openings 
35 1820 in the tubular member 1800. The release devices 1815 are preferably adapted 
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to hold the oorrespondbig anchoring devioes 18(e ^n the tubular men^r 1800 
until released by a control signal provided from a surface* or other, location. The 
release devices 1815 may be any number of conventional corrnnerdaly available 
release devioes. TTie release devices 1815 are pressure activated in order to 
optimdiy provide ease of operaHon. 

As illustrated in FIG. 15a, the apparatus 1515 is preferably positioned within 
the wellbore casing 1500 with the expandable tubular member 1525 positioned in 
opposing relation to the open'aig 1510. 

As illustrated in FIG. 15b. The resHlent anchor 1540 is then anchored to the 
wellborB casing 1500. In this rnann^^, the Icwer section 1550 of the expandable 
tubular member 1525 is anchored to the weObore casing 1500. The resilient anchor 
1540 is anchored by a control and/or electrical power signal transmitted from a 
surface location. 

A oon^)ressibie cement and/or epoxy is then injected into the annular space 
between the unexpended portion of the tubular member 1525 and the wellbore 
casbig 1500. The compressible cement and/or ^xy is then permitfed to at least 
partiaRy cure prior to the initiation of the radial expansion process. In this manner, 
an annular stnidural support and fluidic seal is provUed around the tubular member 
1525. 

As illustrated in FIG. 1 5c. The expansion cone 1530 is then axially displaced 
by applying an axial fbroe to the support member 1520. The axial displacement of 
the expansion cone 1530 radially expands the expandable tubutar member 1525 
Into intimate contact with the walls of the weUbors casing 1500. 

As inustraled in FIG. 15d, After the expandable tubular member 1K5 has 
been completely radally expanded t^ the axial displacement of the expansion cone 
1530. the opervng 1510 in the welHxm casing 1500 is sealed off by the radially 
. expanded tubular menrter 1525. . In this manner, repairs to the weUbore casing 
1500 are opUmaly provided. More generally, the apparatus 1S15 is used to repair 
or fonm wellbore casings, p^lines, and staictural supports. 

Referring to FIGS. 19a. lOb and 19c. an expandable tubular member 1900 
for use in the apparatus 1515 will now be described. The expandable tobular 
member 1900 includes a tubular body 1905. one or more resilient panels 1910. one 
or more corresponding engagement members 1915, and a release member 1920. 
The resifient panels 1910 are adapted to expand in the radial direction after being 
released by the release member 1920. In this manner, the expandabto tubular 
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member 1900 is anchored to a preexisting stnidure such as, for example, a 
welbore casing, an open hole vveitooie section, a pipeline, or a structural 

The tubular member 1905 Is coupled to the resilient panels 1910. The 
tubular member 1905 may be any number of oomenHonal commercially available 
5 expandable tubular members. The tubular member 1905 is an expandable casing in 

order to optimally provide high strsnglh. 

The resifient panels 1910 ere ooqiled to the tubular member 1005. The 
resilient panels 1910 are further releasably couplsd to the release member 192a 
The resilient panels 1910 are prefiwably adapted to house the expansion cone 

10 1530. The resilient panels 1910 are preliaiably adapted to extend to the position 
1925 upon being released by the release member 1920. The resilient panels 1910 
are coupled to the tubular member 1905 by wriding fri order to optimally provide 
high strength. The resUient panels 1910 may be fabricated from any number of 
conventional commercially available resilient materials. The resilient panels 1910 

15 are fabricated from spring steel in order to optimally store elastic radially directed 
energy. 

The engagement members 1915 sm coupled to corresponding reeillent 
panels. The engagement members 1915 am prsfMably adapted to engage, and at 
least partially penetrate, the weVbore casing 1500. or other preexisting structure. 
20 The release member 1920 is releasably coupled to ttie resilient panels 1910. 

The release member 1 920 is preferably adapted to controllably release the resilient 
panels 1910 from their Initial strained positions in onler to pennit the resilient panels 

1910 to expand to their expanded positions 1925. Tlie releae» member 1920 is 
releesably coupled to the couping 1535. In ttiis manner, electricel and/or control 
25 and/br hydraulic signals are communicated to and/br from the release member 
1920. The reteese member 1920 may be any number of conventional commercially 

available rslease devices. 

Referring to FIGS. 20a to 20d. en apparatus and method for coupling an 
expandable tubular member to a preexisting structure will now be described. 

30 Referring to Fig. 20a, a weffixxe cadng 2000 is positioned vwitiiln a subterranean 
formation 2005. The wellbore casing 2000 may be positioned in any orientation 
from ttie vertical direction to the horizontal direction. The vwePbore casing 2000 
further Inchides one or mom openhgs 2010 ttwt may have been the result of 
unintentional damage to ttie welibore casing 2000. or to a prior perforation or 

35 fracturing operation peribnned upon ttie sunounding subterranean formation 2005. 
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As win be recograzed by persons having ordinary skil) in the art the openings 2010 

can adverse^ aflM the subsequent operation and use of t»w ¥«ellbore 

unless they are seeded off. 

An apparatus 2015 is utiDzad to seal off the openings 2010 in the welibore 
5 casing 2000. More generally, the apparatus 2015 is preferably utiiizsd to fbnn or 

repair weilbore casings, pipelines, or sbuctural supports. 

The apparatus 2015 pr^arably bndudes a support member 2020. an 

expandable tubular member 2025. an.expansion cone 2030, a oou|^ 2035, a 

resifient anchor 2040, and one or more seals 2045. 
10 The support member 2020 Is preferably adapted to be coupled to a surface 

location. The support member 2020 is fivther coupled to the expansion cone 2030. 

The support member 2020 is preferably adapted to convey pressurfzed fiuidic 

materials and/or electrical current and/or oommunication signals from a surfece 

location to the anchor 2040. The support member. 2020 may, for example, be 
is conventional commercially available slick wire, braided wire, ooiled tubing, or drilling 

stock material. 

The expandable tubular member 2025 is removably coupled to the 
exparaion cone 2030. The expandable tubular member 2025 includes one or more 
engagement devices that are adapted to couple with and penetrate the weilbore 

20 casing 2000. In this manner, the ttcpandabie ti^HjIar member 20% is optimally 
coupled to the weitt)ore casing 2000. The engagement devtoes include teeth for 
biting into the surfece of the welibore cadng 2000. The expandable tubular member 
2025 further indudes one or more seaBng members 2045 an the outside surface of 
the expandable tubular member 2025 in order to optimally seal the interface 

25 betiMeen the expandabtetubutar rnernber 2025 and the welibore casing 2000. 

The exparidabte tubular member 2025 indudes a lower section 2050, an 
intennediate section 2055. and an upper aection 2060. The waU thkiOMSses of the 
lower and intermediate sections. 2050 and 2055. are less than the waH thickness of 
the upper sedton 2050 in order to optinMrily.feeiWate the radial expansion of the 

30 expandable tubular member 2025. The eealing menrrtters 2045 are proyMed on the 
outside surfece of the upper section 2060 of the expandable tubular member 2025. 
The resilient anchor 2040 is coupled to the tower section 2050 of ttie expandable 
tubiriar member 2025 in order to optimally anchor the exp«idable tubular member 
2025 to the weilbore casing 2000. 
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The expansion cone 2030 is preferably coupled to the support memb^ 
and the ooupOng 2035.. The expansion oone 2030 is preferably adapted to radidly 
expand the expandable tubular member 2025 when the expansion oone 2030 is 
axialiydispiaoed reteillve tothe expandabte tubular member 2025. 
5 The coupling- 2035 is preferably.coupted to the support member 202a the 

expansion cone 2030. and the anchor 2040. The coupling 2035 Is preferably 
adapted to convey pressurized fluldlc matartals andtor etecMcal current and/or 
communicalion signals Inxn a surfiaoe location to the anchor 2035. Theq««fir« 
2035 may. for example, be conventional commercially avaHabie slick wire, braided 

10 wire, coned tubing, or drilling stock material. The oouping 2035 la dacoupted from 
the anchor 2040 upon Initiating the axial displacement of the expanston cone 2030. 

The anchor 2040 is preferably coupted to the tower sectkm 2050 of the 
expandable tubular member 2025 and the coupling 2035. The anchor 2040 is 
further preferably adapted to be controllably coupled to the wellbore casing 2000^ 

15 • Referring to FIGS. 21a and 21b. The anchor 2040 includes a housing 2100. 
one or more spikes 2105. and one or more oonresponding actuators 2110. The 
2105 are outwardly extended by the corresponding actuators 2110. The 
spikes 2105 are outwardly actuated by disptadng the apparatus 2015 upwardly. 
The spices 2105 are outwardly extended by placing a quantity of fiuMte material 

20 onto the spikes 2105. 

The housing 2100 is coupled to the kwver sectton 2050 of the expandable 
tubular member 2025. the spikes 2105. and the actuators 21 10. The housing 2100 
is further preferably coupted to the ooupUng 2035. The housing 2100 te adapted to 
convey etectrtcal. oommuntoation. and/or hydrauHc signals from the coupling 2035 to 

25 the actuators 2110. 

The spikes 2105 are preferably nwvably coupted to:the housing 2100 and 
the corresponding actuators 2110. The spins 2105 are prsfsrably ada^ to pivot 
relative to the housing 2100. The spHras 2105 are further preferably adapted to 
extend outwardly In a radial direction to engage, and at least partially penetrate, the 

30 wellbors casing 2000. or other preexteting structure such as. for example, the 
wellbore. Each of the spikes 2105 further preferably include a concave upwardly 
fedng surface 2115. Tiie ptecement of a quantity of fiuMte material such as. for 
example, a bartte plug or a flex plug, onto the surfeces 21 15 causes the spikes 2105 
to pivot outwardly away from the housing 21 00 to engage the welbore casing 2000. 

35 or other preexisting structure such as, for exampte, the wellbore. Alternatively, the 
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upward displaoement of the apparatus 2015 causes the spaces 2105 to pivot 
outwardly away from the housing 2100 to engage the welborecasirig 2000. or other 
preexisting structure such as. for example, the welUwie. 

The actuators 2110 are prelistably coupled to the housing 2100 and the 
5 oonesponding spikes 2105. The actuators 2110 are preferably adapted to apply a 
force to the corresponding spikes 2105 sufficient to pivot the conesponding spikes 
2105 outwardly and away from the housing 2100. The aduakn 2110 may t)e any 
number of conventional commercially available actuators such as. for example, a 
spring, an electric or hydraulic mdor. a t^drauHc pisbm/cylinder. The actuators 

10 2100 are hydraulic pistons in order to optimally provide ease of operation. The 
actuators 2110 are omitted and the spikes are pivotaNy coupled to the housing 2100. 

Referring to FIGS. 22a. 22b. and 22c The anchor 2040 includes the housing 
2100. one or more petal baskets 2205, and one or more conesponding actuators 
2110. The petal baskets 2205 are outwardly extended by the corresponding 

15 actuators 2110. The petal baskets 2205 are outwardly actuated by displacing the 
apparatus 2015 upwardly. The petal baskets 2205 are outwardly extended by 
placing a quantity of fluidw material onto the petal baskets 2205. 

The housing 2100 is coupled to the lower sectton 2050 of the expandable 
tubular member 2025, the petal baskets 2205, and the actuatore 2110. 

20 The petal baskets 2205 are preferably movably coupled to the housing 2100 

and the conesponding actuators 2110. The petal baskets 2205 are preferably 
adapted to pivot relative to the housing 2100. The petal baskets 2205 ara further 
preferably adapted to extend outwardly in a radial direction to engage, and at least 
partially penetrate, the weiibore casing 2000, or olher preexisting structure. As 

25 illustrated in FIG. 22c each of the petal baskets 2205 further preferably indude a 
concave upwardly fedng surf^ 2215. The placement of a quantity of fluMk: 
material such as. for eixample. a barita plug or a flex phig, onto the surfeces 2215 
causes the petal baskets 2205 to pivot outwardly away from the housing 2100 to 
engage the weiibore casing 2000. or other preexisting sbudure. Alternatively, the 

30 weight of the fkiMte materials placed onto the petal baskets 2205 is sufRdent to 

anchor tt>e expandable tubular member 2025. Alternatively, the upward 

displaoement of the apparatus 2015 causes the petal baskets 2205 to pivot 

outwardly away from the housing 2100 to engage the weiibore cesing 2000. or other 
preexisting structure. 
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The actuators 2110 are preferably coupled to the housing 2100 and the 
corresponding petal baskets 2205. The aduetore 2110 are preferably adapted to 
apply a force to the corresponding petal baskets 2205 sufficient to pivot the 
corresponding p^ baskets 2205 oijlM«dly and aMvayfi^ The 
5 aduatore 2110 are orritted and ttie petal baskets are pivotaDy coupled to the 
housing 2100. 

The anchor 2040 includes one or more spikes 2105 and one ormore petal 
k)askets 2205. 

As Blu^ralsd in fIg. 20a. the apparatus 2015 Is prsterably posltkNied within 

10 the wellbore casing 2000 with the expandable tubular member 2025 positioned in 
opposing relatkm to the opening 2010. 

As ilKistreted in R6. 20b, The anchor 2040 is then anchored to the welit>ore 
casing 2000. In this manner, the tower sedkm 2050 of the expandable tubular 
member 2025 is anchored to the wellbore casing 2000 or the wellbore casing. The 

15 anchor 2040 is anchored by a oontroi and/or etedrical power signal transmitled fifonri 
a surface k)cation to the actuatore 2110 of the anchor 2040. The anchor 2040 is 
anchored to the wellbore c^ing 2000 by upwardly displacing me apparatus 2015. 
The anchor 2040 anchored to the wellbore casing 2000 by placing a quantity of a 
fluidk: material such, for example, a bartte [4ug a a flex plug, onto the spikes 2105 

20 or petal baskets 2205 of the anchor 2040. The anchor 2040 is omitted, and the 
apparatus 2015 is anchored by placing a quantity of a fluklic material such, for 
exampte.abarltepiugora ftexphjg;ontoatleastthetowerand/or^ intennediate 
sectkms. 2050 and 2055. of the expandable tubular rneinber 2025. 

A compressible cement and/or epoxy is then ir^eded Into the annular space 

25 between the unexpended portton of the tubular member 2025 and the wellbore 
casirig2000. The conripressibte cenrient and/or epoxy is then perniitte^ 
partially cure prtor to the initiatton of the radia^ expanskm process. In this mariner, 
an annular structural support and fhridte seal is provkJed around the tubular memt)er 
2025. 

30 As iilustrated in FIG. 20c, The expanston cone 2030 is then axiaily displacad 

by applying an axial force to the support member 2020. The axial displacement of 
the expanston cone 2030 radially expands the expandable tubular member 2025 
into intimate contact with the walls of the wellbore casing 2000. 

As illustrated in FIG. 20d, After the expandable tubular member 2025 has 
35 been completely radially expanded by the axial displaoement dl the expanskm oone 

51 



• • • • • • I • • 

••••• !••• 

1 z * ••••• 

• • • • • 

• • • 



2030. the opening 2010 in the wellbore casing 2000 is sealed off t)y the radialy 
expsaOed tubular member 1435. In this manner, repabs to the weVbore cashg 
2000 are optimally provided. More generally, the apparatus 2015 is used to repair 
or fomo wellbore casings. pipeRnes. and structural supports. 
5 Refenbig to R6$. 23a to 23e. an apparatus and method for coupling ah 

ttipandabie tubular member, to a preexisling structure %viil now be described. 
Refening to Fig. 23a. a weHbore casing 2300 and an open hole welbore section 
2305 are positioned within a subtenranean fonnation 2310. The wallbore casing 
2300 and the open bote wellbore section 2305 may be positioned in any orientation 
10 from the vertical direction to the horizontal direction. 

An apparatus 2320 is utiiized to form a new section of weilbore casing within 
the open hole weUbore section 2305. More generally, the apparatus 2320 is 
preferably utUized to torn or repair weilbore casings, pipelines, or stnicbjral 
supports. 

15 The apparatus 2320 preferably includes a support member 2325, an 

expandable tubuio- member 2330, an expansion cone 2335, one or more upper 
seafing members 2340, and one or more sealing members 2345. 

The support member 2:^5 is preferably adapted to be coupled to a surfece 
locaSon. The support member 2325 Is further coupled to the expansion cone 2335. 
The support member 2325 may. for example, be conventional commercially 
availabie siicK «4re, braided wire, coiled tubing, or drilling slock mateiiaL 

The expandable tubular member 2330 is removably coupled to the 
expansion cone 2335. The expandable tubular member 2025 further includes one 
or more upper and lower sealing members. 2340 and 2345. on the outside surface 

25 of the expandable tubular member 2330 in order to optimaOy seal the interface 
between the expandable tubular member 2330 and the weilbore casing 2300 and 
the open hole weilbore siscUon 2305. 

The expandable tisuSar member 2025 further includes a lower section 2350, 
an Intennedlate section 2355, and an upper section 2360. The vrall thicknesses of 

30 the lower and intemnediata sections. 2350 and 2355, are less than the waB thickness 
of the upper section 2360 in order.to optimally ^Ittate the radial expanskm of the 
expandable tubular member 2330. The tower sectkm 2350 of the expandable 
tubular member 2330 includes one or more slots 2365 adapted to pem^ a fluKlk: 
sealing material to poietrate the bwer sectton 2350. 
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The expansion cone 2335 b pr^erably coupled to the support mennber 
2325. The expand cone 2335 is further preferably renriovably coupled to the 
expandable tubular member 2330. The expansion cone 2335 is preferably adapted 
to radially expand the expandable tubular menrter 2330 when the expansion cone 

5 2335 is axially displaced relative to the expandable tubular member 2330. 

The upp9r sealing member 2340 is coupled to the outside surface of the 
upp^ section 2360 of the expandable tubular member 2330. The upper sealing 
member 2340 is preferably adapted to fhiidiciy seal the interfece betweeri the 
radially expanded upper section 2360 of the expandable tubular member 2330 and 

10 the wellbore casing 2300. The upper sealing member 2340 may be any numt>er of 
conventional oommerdaly available sealing members. The upper sealing member 
2340 is a viton rubber in order to optimally provide load carrying and pressure 
sealing capacity. 

The lower sealing member 2345 is preferably coupled to the outside surface 
15 of the upper section 2360 of ihe expandable tubular rnember 2330. The lower 
. seaHng member 2340 is preferably adapted to fluididy seal the interface between 
the radially expanded upper section 2360 of the expandable tubular member 2330 
and the open hole welbore section 2305. The lower seal^ rnernber 2345 rnay be 
ariy number of conventional commercially available sealing members. The lower 
20 sealing member 2345 is viton rubber in order to optimally provide load canying and 
seafog capatily. 

As niustiated in FIG. 23a, the apparatus 2320 is preferably positioned wittiin 
ttie wellbore casing 2300 and the open hole vvelHtKXPe section 2305 with ttie 
expandable tubular member 2330 positioned in overlappfaig relation to ttie welltkro 
25 casing 2300. 

As illustrated In FIG. 23b, A quantity of a hardenable flukJIc sealing material 
2365 is ttien injected into tiie open hole wellbore section 2305 proximate to tiie 
lower section 2350 of tt>e expandable tubular member 2330. The sealing material 
2365 may be any number of conventional commerdaily available sealing materials 
30 such as, for example, cement and/or epoxy resin. The hardenable fluidic seating 
material 2365 at least partially enters the slote provided in the lower section 2350 of 
the expandable tubular member 2330. 

As illustrated In FIG. 23c tiie hardenable fluidic sealing material 2365 is 
preferably ttien permiHed to at least partially cure. In tills manner, tiie lower section 
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2350 of the expandable tubular member 2330 is »ichorecl to the open hole weliixxa 
section 2305. 

A compressible cemem and/brepoxy is then inieds^ 
between the unexpended portion of the tubular member 2330 and the weObore 
S casing 2300. The compressible cement and/br epoxy is then pemiilted to at least 
partiaNy cure prior to the initiation of the radial e)qpansion process. In this manner, 
an annular structural support and fydic seal is provided around the tubutar member 
2330. 

As dlustrated in RG. 23d. The expansion cone 2335 is then axiady displaoed 

10 by applying an axial force to the support member 2325. The axial disptaoement of 
the expansion cone 2335 radially expands the expandable tubular member 2330 
into intimate contact with the walls of the wellbore casing 2300. 

As illustrated in R6. 23e. After the expandable tubular membor 2330 has 
been completely radially expanded by the axial displacement of the expansion cone 

15 2335, a new section of wellbore casing is fmmed that pr^isrebly includes the radierfly 
expanded tubular meiTd>er 2330 and an outer annular layer of a fluldie sealing 
material. More generally, this apparatus 2320 is used to repair or form weUbore 
casings, pipelines, and structural supports. 

Refennig to FIGS. 24a to 24c an apparatus and method for coupling an 

20 expandable tubular member to a preexisting stnicture win now be descn'bed. 
Referring to fHg. 24a. a wellbore casing 2400 and an open hole welbore section 
2405 are positioned within a sublerrianean formation 2410. The weilbare casing 
2400 and the open hole wellbore section 2405 may be positioned In any orientation 
from the verticai direction to approxirnalely the horizontal dhadion. 

25 An apparatus 2420 is utilizad to fonn a new section of weHbore casing wMhin 

the open hole wellbore sedipn 2405. More generally, the apparatus 2420 is 
preferably uUiized to torn or repair welibore casings, pipelines, or sbuctural 
supports. 

The apparatus 2420 preferably includes a support member 2425. an 
30 expandable tubular member 2430. an expansion cone 2435, a ooupHng 2440. a 
packer 2445. a mass 2450, one or more upper sealing membere 24SS, and one or 
more sealing members 2460. 

The support member 2425 is preferably adapted to be coupled to a surface 
locaflon. The support member 2425 is further coupled to the expansion cone 2435. 
35 The support member 2425 is preferably adapted to convey electrical. 
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communication, and/or hydraulic signals to anUor from the packer 2445. The 
support memt^ 2425 may, for example, be conventional commereially available 
slick wire. braMed wire, coiled tubirig, or drWng stock material. 

The expandable tubular member 2430 is removably coupled to the 
expanston cone 2435 and the packer 2445. The expandable tubular member 2430 
is further prafiBfably coupled to the mass 2450. The expandable tutniiar member 
2430 further inchJdes one or more upper and kwver sealing members. 2455 and 
2460, on the outskle surface of the expandal>le tubular member 2430 in order to 
optimaliy seal the interface between the expandable tubular member 2430 and the 
vveilbore casing 2400 and the open hole weHbore sedkm 2405. 

The expandable tubular member 2430 forther Includes a lower section 2465. 
an intennediate section 2470, and an upper section 2430. The wall Ihtoknesaes of 
the lower and intermediate sections. 2465 and 2470, are less than (he wall thtekness 
of the upper sectkm 2475 In order to optimally facilitate the radial expar^ton of the 
expandable tubular mennber 2430. The kiwer sectnn 2465 of the expandabte 
tubular member 2430 is coupled to the mass 2450. 

The expandable tubular metnber 2430 Is further provkted substential^ as 
disctosed in one or more of the following: 

The expanston cone 2435 Is pref^bly coupled to the support member 2425 
and the coupling 2440. The expanston cone 2435 is further preferably removably 
coupted to the ocpandable tubular member 2430. The expansion ccne 2435 is 
preferably adapted to radially expand the expandable tubular member 2430 when 
the expanston cone 2435 is axially displaced relative to the expandable tubular 
member 2430. 

The coupBng 2440 is preferably coupled to the support member 2425 and 
the expanston cone 2435. The coupling 2440 te preferably adapted to convey 
electrical, communfcatton. andfor hydraulto signals to and/or from the packer 2445. 
The coupling 2440 may be any number of conventkwial support membms such as. 
for example. commerdaDy availaMe slick wire, brakted vvire. coiled tubing, or drilHng 
stock matertel. 

The packer 2445 is coupled to the coupling 2440. The packer 2445 is further 
removably coupled to ttte tower section 2465 of the expandable weilbore casing 
2430. The packer 2445 is preferably adapted to provUe sufficient firictkmal force to 
support the lower section 2465 of the expandable weilbore casing 2430 and the 
mass 2450; The packer 2445 may be any number of oonventkxial commercially 
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avaiiabie packers. The packer 2445 Is an RTFS paclw avallabte from Hallibuiton 
Eriergy Servkss In order to opOnraiiy provide m Hydraulic 
sHps rnay be substituted for. or used to supplennerit. the packer 244S. 

The mass 24S0 Is preferably coupled to the lower section 2465 of the 
5 expandabto tubular rnember 2430. The nm24S0 is preferably selected to^p^ 
a tensfle load.on Ihe km» sectkm 2465 of the expandable tubular member 2430 
that ranges from about SO to 100 % of the yield point of the upper section 2475 of 
the expandable tubular member 2430. In this manner, when the packer 2445 is 
released, the axial force provided by the mass 24S0 optimally radially expands and 

10 extrudes the expandable tubidar member 2430 off of the e)q»ansion cone 2435. 

The upper sealing member 2455 is preferably coupled to the outskie surfeoe 
of the upper sedkm 2475 of the expandable tubular member 2430. The upper 
seaUng member 2455 is preferably adapted to Huidkfy seal the interfece between 
the radially expanded upper sectkm 2475 of the ejqpandable tubular njember 2430 

15 and the wellbore casing 24ba The upper sealing member 2455 may be any 
number of conventnnal commercially available sealing mentbers. The upper 

sealing nriember 2455 is viton nibber h order to optbfnally provkte toad carrying ^ 
pressure sealing capMity. ' 

The tower seaimg member 2460 is preferably coupled to the outsMe surfeoe 
20 of the upper sectton 2475 of the expandabte tubular member 2430. The lower 
sealing member 2460 is preferably adapted to fluMtoiy seal the interfeoe between 
the radially expanded upper sedton 2475 of the expandabte tubujar member 2430 
and the open hote wellbore sedkm 2405. The lo^fier sealing member 2460 may be 
any number of conventtonai commercially availabte sealing members. The tower 
25 sealing men^ 2460 is viton mbber in order to optimally provtoe tead bearing and 
sealing capacity. 

As ilhjstrated in FIG. 24a. the apparatus 2420 is preferably poeitioned within 
the wellbore casing 2400 and the open hote wellbore section 240i5 with the 
expandabte tubular member 2430 posittoned in overtopping retetion to the weHbore 
30 casing 2400. The weight of the mass 2450 is supported by the support member 
2425, the expanston cone 2435. the coupling 2440. the packer 2445, and the tower 
section 2465 of the expandabte tubular member 2430. In this manner, the 
Intennediate sectton 2470 of the expandabte tubular member 2430 preferably does 
not support any of 0ie weight of the mass 2450. 
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As Mustrated in RG. 24b. The packer 2445 is then released from oonnedton 
with the jower section .2465 of the ex|>andal>le tulHJiar memlier 2430. In this 
manner, the mass 2450 is prefereMy now supported by the support member 2425. 
expansion cone 2435. and the lower and intermediate sections. 2465 and 2470. of 
5 the expandable tubular member 2430. The weight of the mass 2450 then causes 
the eivandable tubular member 2430 to be radially expanded by. and exlnided off 
or. the expansion cone 2435. During the ^ctnjsion prooMs. the posWon of the 
support member 2425 Is adjusted to ensure an overlapping relation between the 
expandable tubular member 2430 and the wettwre casing 2400. 

10 A oompressMe cement and/or epoxy Is injected Into the annular space 

between the unexpended portion of the tubular member 2430 and the wellbore 
casing 2400 before and/or during the extrusion process. The compressible cement 
and/or epcpcy is then preferably pennitted to at least partially cure prior to the 
initiation of the radial expansion process. In this manner, en annular stniduial 

15 support and fhwficsealls provided arouTKi the tutHJiar member 2430. 

As illustrated h FIG. 24c. After the expandable tubular meniber 2430 has 
been completely extnjded ofTof the exparttlon cone 2435. a new section of wellbore 
casing is formed that preferably includes the radially expanded tubular member 
2430 and an outer anrailar layer of a fluidic sealing material. More generally, the 

20 apparatus 2420 Is used to repair or forrn wellbore caslrigs. pipelines, and structural 
sumMrts. 

The mass 2450 Is positioned on top of the upper eeeOon 2475 of the tubular 
member 2430. The mass 2450 is fabricated from a thick walled tubular member that 
is concentric wNh respect to the support member 2425. and also rests on top of the 
25 upper section 2475 of the tubular member 2430. In this manner, when the 
expanston cone 2435 exits the tubular rnember 2430. the expeurwion oone wM can^ 
the mass 2450 out of the welbore 2405. 

Referring to RQS. 25a to 25c an apparatus and method for coupfing an 
expandable tubular member to a preexisting stnjcture will now be described. 
30 Referring to Fig. 25a. a welixxe casing 2500 and an open hole wellbore section 
2505 are positioned within a subterrariean formation 2510. The wellbore casing 
2500 and the open hole wellbore section 2505 may be poeitloned in any orientation 
from the verticai dkedion to approximately the horizontal direction. 

An apparatus 2520 Is uUibed to form a new section of wellbore cesing within 
35 the open hole weflbore section 2505. More generally, the apparatos 2520 Is 



preferably uflized to fbrm or repsrir wellbore casings, pipelines, w structtral 
supports. 

The apparatus 2520 preferably includes a support member 2525, an 
expandable tubular member 2530, an expansion cone 2535, a chamber 2440, an 
5 end plate 2546. one or more upper sealing nrwmbers 2555. and one or rrwe seafing 
members 2560. 

The support member 2525 Is prelsrably adapted to be coupled to a suftace 
location. The support member 2525 Is further coupled to the expansion cone 2535. 
The support member 2525 Is preferably adapted to convey fluidic materials to and/or 
10 frem the chancer 2540. The support member ^25 may. for example, be 
conventional commercteay avaltabte slick \Mlre, braided vme, ooRed tubing, or driHing 
stock material. 

The expandabte tubuter membw 2530 is removaWy coupted to the 

expanston cone 2535. The expandable tubular member ^30 further includes one 

15 or more upper and tower sealing members. 2555 and 2560; on the outsUe surface 

of the expandabte tubular member 2530 in order to optimally seal the inteiteoe 

between the expandabte tubuter mentter 2530 and the welRxxe castof 2500 and 

the open hole wellbore section 2505. 

The expandable tiA>uter member 2530 further includes a tower sednn 2565. 

20 an intermediate section 2570, and an upper sectton 2530. The wa> tWcknesses cf 
the tower and intermedtete sections, 2565 and 2570, are tess than the wall thkskness. 
of the upper section 2575 to order to optimally facilitate the radial Mtpanston of the 
expandabte tubuter mennber 2530. 

The tower section 2565 of th6 expandable tubular member 2630 further 

25 indudes the chamber 2540 and the end ptete 2545. 

The expanston cone 2535 is preferably ooupted to the support member 
2525. The expanston cone 2535 is further preferably removably ooupted to the 
expandabte tubuter member 2530. The expansion cone 2535 is preferably adapted 
to radlalty expand the expandabte tubular member 2530 when the expanston cone 

30 2535 te axially displaced relative to the expandabte tubular member 2530. The 
expansion cone 2535 Is further preferably adapted to convey fluMic mateitels to 
and/or from the chamt>er 2540. 

The chamber 2540 Is defined by the Interior portton of the tower sectton 2S65 
of the expandable tubuter member 2530 betow the expanston cone 2535 and above 

35 the end ptete 2545. The chamber 2540 Is preferably adapted to contain a quantHy 
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of a fluidic materiab having a higher density than the fluidic materials outside of the 
expand£d)le tutMJiar member 2530. 

The upper sealing member 2555 is preferably coupled to the outside surface 
of the upper section 2575 of the expandable tubular member 2530. The 

5 seafing menter 2555 is preferably adapted to fluidiciy seal the interfece between 
the radially expanded upper section 2575 of the expandable tubular member 2530 
and the wellbore casmg 2500. The upper seal^ member 2555 may be any 
number of conventional conrmierdaHy available sealing mmnbers. The upper 
seal^ mmiber 2555 is viton rubber in order to optimally provide load carrying and 

1 0 pressure seating capacity. 

The lower sealing member 2560 is f^erably coupled to the outside surface 
of the upper section 2575 of the expandable tubular niemt>er 2530. The lower 
seatirig mernber 2560 is preferatily adapted to ftuididy seal the interface between 
the radially expanded upper section 2S7S of the expancteble tubular member 2530 

15 and the open hole wellbore section 2505. The lower sealing rnember 2560 may t>e • 
any nunrter of oonventionai commerdally availabfe sealing members. The lower 
sealing member 2560 is viton rubber in order to optimally provide load carrying and 
pressure sealing capacity. 

As ilustraled in FIG. 25a, the apparatus 2520 is preferably positioned within 

20 the weHbore casing 2500 and ttie open hote wellbore section 2505 with the 
expandable tubular member 2530 positioned in overlappbig retetlon to the wellbore 
casing 2500. 

As Blustrated in FIG. 25b. a quanti^ of a fliddic material 2580 having a 
density greater than the density of the fluidic material within the region 2585 outeide 

25 of the expandable tubular memb^ 2530 is iri{ected into the chamber 2540. Tlie 
difference in hydrostatic pressure between the chamber 2540 and the region 2585« 
due to the differenoes in fluid densities of these regions, causes the expandable 
tubular member 2530 to be radially expanded by, and extruded off of, the expansion 
cone 2535. During the extrusion process, the position of the support m«Td)er 2525 

30 is adjusted to ensure an overlappirig relation between the expandable tubular 
member 2530 and the wellbore casing 2500. Ttie quantity of the fluidic material 
2580 initially injected into the chamber 2540 is subsequently increased as the size 
of the chamber 2540 increases during the extruston process, in this manner, high 
pressure pumping equipment is typically not required, or the need for it is at least 
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mNntized. A oolumn of the fliMHc material 2560 is maintained viUMn the si4)port 
memt)er2525. 

A compressible cement anctfor epoxy Is liifecled Into the annular space 
between the unexpended portion of the tubular member 2530 and the weHbore 

5 casing 2500 before and/br during flie extrusion process. The oompress&jie cement 
and/or epo)^ is then preferably piermitted to at least partiaHy cure prior to the 
Initiation of the radial expansion process, in tMs manner, an annular staidural 
support and fluidic seal is provided around the tubular menter 2530. 

As illustrated in FtG. 25c After the expandatiie tubular mmter 2530*has 

10 been completely extruded off of the expansion cone 2535. a new section of vveHbore 
casing is formed that prsfsrably includes the radially expanded tutxdar member 
2530 and an outer annular layer of a fluidic seaHng nriaterial. More generally, the 
apparatus 2520 is used to repair or fbmn wellbore casings. pipeGnes. arxl simcturd. 
supports. 

15 Refening to FIGS. 26a to 26c an apparatus and method for coupEng an 

exparxiable tubular member to a preexisting structure will now be described. 
.Referring to Fig. 26a, a wellbore casing 2600 and an open hole wellbore section 
2605 are positioned within a subterranean fonnnation 2610. The wellbore casing 
2600 and the open hole wellbore section 2605 may be positioned in any orientation 

20 from the vertical direction to approximately the horizontal direction. 

An apparatus 2620 is utilized to form a new section of wellbore casing wHMn 
the open bote weUbore section 2605. More generally, the apparatus 2620 is 
preferably utilized to fonn or repair wellbore casings, pipelines, or structural 
supports. 

25 The apparatus 2620 preteFably includes a support member 2625. an 

expandable tubular men^ 2630. an expansion corie 2635, a slip Joint 2640. an 
end plate 2545. a chamber 2650, one or more slip rrmrbem 2655. one or more 
sealhig membere 2670, one or more upper sealing membera 2675. and one or more 
lower sealing members 2680. 

30 The support member :^5 Is preferably adapted to be coupled to a surface 

location. The support member 2625 is further coupled to the expansion cone 2635. 
The support member 2625 Is preferably adapted to convey fluidic matericds to and/or 
from the chaml)er 2640. The support member 2625 may. for example, be 
conventional commercially available slide wire, braided wire, coiled tubing, or drilling 

35 stock niaterial. 
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The expandable tubular member 2830 is removably coupled to the 
expansion cone 2635. The expandable tubular member 2630 further Inchidee one 
or more upper and lower sealing members. 2675 and 2680. on the outeWe surface 

of the expandable tubular member 2630 In order to optimally seal the Interface 
between the expandable tubular member 2630 and the «Mlbore casing 2^ 

the open hole wellborB section 2605. 

The expandable tubular member 2630 further Includes a lower section 2685. 
an mtennedlatesedlon 2890, and an upper section 2685. The wall thicknesses of 
the lower and Intemiedlate sections. 2685 and 2690. are less than the wan Ihld^ 
of the upper section 2695 in Older to optimaBy fadlllate the radial expanstoi ^ 

expandable tubular member 2630. 

The lower section 2685 of the expandable tubular member 2630 houses the 

slip joint 2640. the end plate 26A5. the slips 2655. and the sealing members 2670. 
The interior portion of the lower sectloh 2685 of the expandable tubular member 
15 2630 below the expansion cone 2635 and above the end plate delinw the-chwnber 
2650. The lower section 2685 of the expandable tubular member 2630 further 
includes one or more of the anchoring devices described above with lehnenoe to 
FIGS. 1ato25& 

The expansion cone 2635 is preferably coupled to the support member 2625 
20 and the slip joint 2640. The expanston cone 2635 Is tother preferably removably 
coupled to the expandable tubular member 2630. The expansion cone 2635 Is 
preferably adapted lo radialy expand the expandable tubular member 2630 when 
the expansion cone 2635 is axially displaoed relative to the expandable tubular 
member2630. The expansion cone 2635 Is further preferably adapted to convey 

2S fluWicnnalBrlals to and/orfrom the chamber 2650. 

The sHp joint 2640 Is coupled to the expansion cone 2635 and the end platB 
2645. The sBp joint i640 Is preferably adapted to pemrUt the end plate 2645 to be 
axially displaced fela«>;e to the expansion cone 2635. In this manner, the size of the 
chamber 2650 is variable. The slip joint 2640 may be any number of conventional 

30 commercianyavaOabte slip joints modified in accordance with the teachings of the 

present disclosure. 

The snp joint 2640 piBferably includes an upper member 2B40a. a resilient 
member 2640b. and a lower member 2640c The upper member 2640a is coupled 
to the expansion cone 2635 and the resilient member 2840b. The upper member 
35 2640a Is movably coupled to the lowor member 2640b. The upper member 2640a 
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preferably includes one or more fluid passages 2640aa thai permit the passage of 
fluldlc materials. The Iww member 2640b is coupled to the erid plate 2645 and the 
resilient member 2640b. The lower member 2640b b mowably coupled to the upper 
member 2640a. The Iwwr member 26406 pielwbly iridudes one or more fluid 
5 passages 2640ba that penrilt the passage of nuWIc materials. The resilient member 

2640c is coupled betMeen the upper arul lodwr merrtbers. 2640a and 2640b. The 
leslOeril inernber 2640c Is pfeferaWy adapted to apply an upward ax^ 

erKl plate 2645. . 

The end plate 2645 is coupled to the sHp joint 2640. the slips 2655. and the 

10 sealing members 2670. The end plate 2645 Is preferably adapted to seal off a 
portion of the Interior of the l««r section 2685 of the expandabte tubular member 

2630. The end plate 2845 Is further adapted to define. In combination with the 
expandable tubular meinber 2630. and the expansion cone 2635. the chamber 
2650. 

15 The diamber 2650 Is defined by the Interior portion of the lower section 2685 

of the expandable tubular member 2630 below the expansion cone 2635 and above 
the end plate 12645. The pressurizatlon of the chamber 2650 causes the expansion 
cone 2635 to be axlally displaced and thereby radially expand the expandable 
tubular member 2630. The chamber 2650 is preferably adapted to move upwardly 

20 within the expandable tubular member 2630 as the expansion cone 2635 and end 
plate 2645 are axlally displaced within the expandaWe tubular member 2630. 

The slips 2655 are coupled to the end ptete 2645. The slips 2655 are 
preferably adapted to permit the end plate 2645 to be dispteoed In the upward axial 

direction; but prevent axial displaoement of the end plate 2645 In the. downward 
25 direction. In this manner, the chamber 2650 Is pressuriasd by Injecting fluldlc 
materials Into the chamber 265a Because the end plate 2645 is malntelned in a 
subslanHally stationary posWon. relallve to the expandabte tubutar member 2630. 
during the injedton of pressurized fluldlc materials Into the chamber 2650. the 
pressurizatlon of the chamber 2650 prrteraWy axlally dispboee the expansion cone 
30 2635. When the slip Joint 2640 Is fully extended, the slip joint 2640 then displaces 

the end plate 2645 in the upward axial directtoo. When the spring force of the 
elastic member 2640c of the sHp joint 2640 Is greater than the fluldlc pressurtzaUon 
force within the chamber 2650. the end plate 2645 Is dispteoed in the upward axtel 
direction. 
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The sealing membefs 2670 are coupled to the end plate 2645. TheseaBng 
members 2670 are further preferably seaBngly coupled to the Interior vyalls of the 
expandable tubular member 2630. in this manner, the cHamber 2650 Is optimally 

pressurized during operation of the apparatus 2620. 

The upper sealing member 2675 Is preferably coupled to the outside surface 

of the upper section 2695 of the expandabte tubular men*or 2630. The upper 
sealing meinber 2675 Is pielterably adapted to lluWIcly seal the Interfax 
the ladlfidly expanded upper section 2605 of the expandabte tubutar member 2630 
and the wellbore casing 2600. The upper sealing member 2675 may be any 
number of conventional oommerctally avaBabte sealing members. The upper 
sealing member 2675 IS vton mbber In Older to optimally provide toad carrying a^ 

pressure seaHng capacity. 

The tower seaHng member 2680 Is preferably coupled to the outside surface 
of the upper section 2695 of the expandable tubular member 2630. The lower 
} sealing mentber 2680 is preferably adapted to fluldldy seal the Interface betvwen 
the radially expanded upper section 2695 of the expandabte tubular member 2630 

and the open hole wellbore section 2605. The lower sealing member 2680 may ba 
any number of conventional commercially availabte seaHng members. The knm 
sealing member 2680 Is viton nibber in order to optimally provide toad carrying and 

0 pressure sealing capadfy. 

As Illustrated m FIG. 26a. the apparatus 2620 is preferably positioned v«lhin 
the wenbore casing 2600 and the open hote wellbore sedton 2605 with the 
expandable tubular men*er 2630 posHtoned In overiapping retetton to the weBbore 
caslng2600. TT» tower section 2685 of the expandabte tubutar member 2630 Is 
25 then anchored to the open hote wellbore sedton 2605 using one or more of the 
apparatus and methods described above with reference to FIGS, la to 25c 

As nustrated in FIG. 2eb. the radial expansion of the expandabte tubular 
member 2630 b then initiated by. (1) applying an upward axtel force to the 
expanston cone 2635; andtor (2) pressurizing the diannber 2650 by injeding a 
30 pressurized fluidic material Into the chamber 2650. 

The expandabte tubuter member 2630 te radially expanded by applying an 
upward axial force to the expansion cone 2635. Once the slip Joint 2640 is fully 
extended, the end plate 2645 is then axtellydispteced in the upward diredton. In 

this manner, the end plate 2645 follows the expansion cone 2635. The dwmber 
2650 te pressurized when the frictonaifbroes exceed a predetermined value. Inthls 
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manner, the axial dispiaoement of the expansion oone 2635 is provided by applying 
an axial fbroe that is eeiectively supplemented by pressurizing the chamber 2650. 

A compressible cement and/or epoxy Is injected into the annular space 
between the unexparKled portion of the tubular member 2630 and the weHbore 
5 casing 2600 before and/br during the extrusion process. The compressible cement 
and/or epoxy is then preferably pemriitted to at least partiaDy cm prior to the 
initiation of the radial expansion process, in this manner, an annular stnidural 
support and fluidic seal is provided around the tubular member 2630. 

As llustrated in FIG. 26c After the expandable tubular member 2630 has 
10 been completely extruded off of the expansion cone 2635. a new section of wellbore 
casing is formed that preferably includes the radially expanded tubular member 
2630 and an outer annular layer of a fluidic sealing material. More generally, the 
apparatus 2620 is used to repair or form wellbore casings, pipelines, and structural 
supports. 

15 ' Referring initially to fiG.. 27/ a preferred method 2700 of coupling an 
expandable tubular member to a preexisting structure includes the steps of: (1) 
coupling the expandable tubular member to the preexistir^g structure by axially 
displacing an expansion cone; and (2) radially expanding the e)q;>andable tubular by 
applying direct ra(Sal pressure. 

20 As illustrated in FIG. 28, in step 27(K. an expandable tubular member 2B0S 

Is coupled to a preexisting wellbore casing 2810 positioned within a subterrariean 
fbnnation 2815. The wellbore casing 2810 further includes an outer annular layer 
2820 of a fluidic sealing materia) such as, for example, cement The expandable 
tiA)iJlar member 2805 may be coupled to the preexisting welBxxe casing 2810 using 

25 any number of conventional commercially avaitable methods for coi4)ling an 
expandable tiduilar member to a preexisting structure such as, for example, fMpg 
an expansion oone. through a tubular member, or pushing an expansion cone 
through a tubular memtier using a pressurized fluidic material. The expandable 
tubiter member 2805 is coupled to the preexisting structure 2810 using one or more 

30 of the apparatus and methods disclosed in the fc^owing: (1) U.S. utility patent 
applicatton serial no. 09/454,139. attorney dodcet no. 25791.3.02, filed on 
12/3/1999, which claimed the benefit of the filing date of U.S. provisional patent 
application no. 60/111,293. attorney dodtet no. 25791.3, filed on 12/7/1998: <2) U.S. 
utility patent application serial no. 09/510,913, attorney docket no. 25791.7.02, filed 

35 on 2/23/2000. which claimed the benefit of the filing date of U.S. provisional 
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application no. 60/121.702, filed on 2^1899; (3) U.S. utility patent applicaiion 
serial no. 09/502,350, attorney docket na 25791.8.02, filed on 2/10/2000. iwhich 
daimed the benefit of the fUng date of U.S. provisional application no. 60/119,611. 
attorney docket no. 25791.8: (4) U.S. utility patent appiteatkm serial no. 09/440,338, 

5 attorney docket no. 25791.9.02, filed on 11/15/1999. which claimed the benefit of 
the filing date of U.S. proviskNiai appScalion no. 60/108.556. attorney docket na 
25791.9. filed on 11/16.1998; (5) U.S. proviskxial patent applkatkxi na 60/183,546, 
filed on ^18/2000; (6) U.S. utility patent application no. 09/523.46a attorney dopkat 
no. 25791.11.02, filed on 3/10/2000. which dainwd the benefit of the filing dale of 

10 U.S. provisional appUcatton no. 60/124.042. filed dn 3/11/1999: (7) U.S.uliity patent 
applkaUon no. 09/512.895. attorney docket no. 25791.12.02. filed on 2/24/2000. 
whteh claimed the benefit of the filing dates of U.S. provistonal applkafion no. 
60/121.841. attorney ddcket no. 25791.12, filed on 2/26/1999 and. U.S. proviskmal 
appHcatton no. 60/154,047, attorney docket na 25791.29. filed on .9/16/1999; (8) 

15 U.S. utility application no. 09/511,941, attorney docket no. 25791.18;02, filed on 
2/24/2000, whteh claimed the benefit of the filing date of U.S. provistonal serial no. 
60/121 .907. attorney docket no. 25791 .16. filed on 2/26/1999; (9) U.S. utility patent 
appllcatton no. 09/588,946, attorney docket no. 25791.17.02. fBed on June 7, 2000, 
whit^ claimed the benefit of the filing date of U.S. provistonal patent appficatton 

20 serial na 60/137.998. attorney docket no. 25791.17, filed on 6/7/1999; (10) U.S. 
utility patent applicatfon na 09/558.122. attorney docket no. 2579123.02. filed on 
4/26/2000. whteh claimed the benefit of the filing date of U.S. provistonal applkatton 
no. 60/131.106. attorney docket na 25791.23. filed on AI2BI^990^, (11) U.S. 
provistonal applteatton no. 60/146.203. attorney docket na 25791.25. filed on 

25 7/29/1999: (12) U.S. provistonal appOcaiton no. 60/143.039. attorney docket no. 
25791.26. fitod on 7/9/1999; (13) U.S. provistonal patent applteatton serial no. 
60/162.671. attorney docket no. 25791.27. fitod on 11/1/1999; (M) U.S. proviskMWl 
applteatkm no. 60/159.039. attorney docket no. 25791.36. filed on 10/1^1999; (IS) 
U.S. provistonal patent application no. 60/159.033. attorney docket no. 25791.37, 

30 fitod on 10/12/1999; and (16) U.S. provistonal patent applteatton no. 60/165,228, 
attorney docket no. 25791.39, filed on 11/12/1999. 

Preferably, ttie amount of radial expanston provkJed in step 105 ranges from 
about 5% to 20%. 

As illustrated In FIG. 29, in step 2710, at least a portton of the expandable 
35 tubular member 2805 is further radially expanded by using a radtol expanston tool 
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290S to apply direct radial pressure to the expandable tutHJiar member 2805. The 
radial expansion tool 2905 may be any number of conventional radial expansion 
toote suitabie for applying direct radial pressute to a tubular member. The radial 
expansion tool 2905 is provided substantially as dtedosed on one or more of the 

5 foNowing U.S. Patents: 5.014.779 and 5.083.608. the disdosuies of which are 
inoofporated herein by referenoe. The amount of radial expansion of the 
expandable tubular member 2805 provided In step 2710 ranges up to about 5%. 
The radial contact pressures generated by the radial expansion tool 2905 in step 
2710 range frem about 5.(000 to 140.000 psL In order to optimally plasticaliy defom 

10 the expandabto tubular member 205 to the final desired geometry. 

The radial expansion provided in step 2705 is Dmited to the portton of the 
expand^ tubular member 2805 that overlaps with the preexisting wellbore casing 
2810. In this manner, the high compressive forces typically required to radially 
expand the portion of the expandable tubular member 2805 that overlaps with the 

15 preexistingwelborB casing 2810 are optlnvally provided. 

The radial expansion in step 2705 radially expands the expandabto tubular 
member 2805 to provide an inside diameter substantially equal to the inside 
diameter of the pre-existing wellborB casing 2810. In this manner, a mono-diameter 
welbore casing is optimally provided. 

20 Thus, the method 2700 provides a 2-step radtol expansion process that 

utmzss: (1) a relatively quidt method of radial expansion for the mi4ority of the radial 
expansion; and (2) a Ng]i contact pressure method for the remaining radtol 
expanstoh. Themethod2700isused to fbnn or repair weilbore casings, pipelines. 

or stoidural supporte. 

25 The inethod 2700 further provides an apparatus and method for coupling an 

exparidabto tubutar member to a preexisthg structure. The expandabto tidnjlar is 
initially ooupted to the preexisting stnicture by axially disptadng an expansion cone 
within the expandabto tubiitar member. The expandabto tubutor member Is then 
further radially ttcpanded by applying a radial force to the expandabto tubular. The 

30 apparatus and inelhod have wide applicatton to the fonnation and repair of vwellbore 
casings, pipeHnes. and stnictural supports. The apparatus and metlvxl provide an 
efficient and reliaUe method for forming and repairing wellbore casings, pipelines, 
and stnictural supports. In a preferred implementetion. the initial radial expansion of 
the expandabto tobuter member by axiaHy displacing the expansion cone provide 

35 from about 5% to 25% of radial expansion, and the subsequent applicatfon of direct 
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radial pressure to the expandable tubular member provides an additional radial 
expansion of up to about 10%. In tNs manner, the desired final geometry of the 
radially expanded tubular member is optimally achieved in a time efficient and 
reliable manner. This method and apparatus is pailicularty useful in optimally 
5 creating profiles and seal geometries for Oner tops and for connections between 
jointed tubulais. 

The expansion cones 130. 230. 325. 1030. 1130. 1225. 1325. 1435. 1440. 
1525. 1530. 2030, 2335. 2435. 2535. 2635. and the expandable tubular membere 
140. 240. 335. 1040. 1140. 1235. 1335. 2025. 2330. 2530. 2630 may be provided 

10 substantialy as disclosed In one or more of the following: (1) U.S. utiity patent 
applcation serial no. 09/454.139, attomey docket no. 25791.3.02. filed on 
12/3/1999. \Mhich claimed the benefit of the fiBng date of U.S. provisional patent 
application no. 60/111,293. attomey dodwt no. 25791.3. filed on 12/7/1998; (2) U.S. 
utility patent application serial no. 09^10.913, attomey docket na 25791.7.02. filed 

15 on 2/23/2000; which claimed the benefit of the fUing data <rf U.S. provi8k)nal 
application no. 60/121.702. filed on 2C5/1999: (3) U.S. utility patent applcatkxi 
serial no. 09/502,350. attomey docket no. 25791.8.02, filed on 2/10/2000. whteh 
claimed the benefit of the filing date of U.S. provistonal application no. 60/119,611, 
attomey docket no. 25791.8; (4) U.S. utility patent appltoation serial no. 09/440,338. 

20 attomey docket no. 25791.9.02, filed on 11/15/1999. whteh dsrimed the benefit of 
the filing date of U.S. provisk)nal appUcatkm no. 60/108.558. attorney, docket na 
25791.9. filed on 11/16.1998: (5) U.S provistonal patent appHcalkm no. 60/183.546. 
filed on 2/18/2000; (6) U.S. utility patent applkstkxi no. 09/523.460. attorney docket 
na 25791.11.02, filed on 3/10/2000. wtik:h claimed the benefit of the filing dale of 

25 U.S. provistonal appHcatton no. 60/124,042. fitod On 3/1 1/1999; (7) U.S. utility patent 
appicafion no. 09512,895. attomey docket no. 25791.12.02. filed on 2/24/2000. 
which claimed the benefit of the fiHng dates of U.S. provistonal applteafion no. 
60/121,841, attomey docket na 25791.12. fitod on 2/26/1999 and U.s: provistonal 
appltoatton no. 60/154,047. attomey docket no. 25791.29. filed on 9/16/1999; (8) 

30 U.S. ufility applfcation no. 09/511,941, attomey docket no. 25791.16.02, fited on 
2/24/2000, which claimed ttte benefit of the filing date of U.S. provisional serial no. 
60/121,907, attomey docket no. 25791.16. fitod on 2/26/1999; (9) U.S. utility patent 
appltoatton no. 09/588,946, attomey docket no. 25791.17.02, fitod on June 7, 2000. 
virhich claimed the benefit of the filing date of U.S. provistonal patent appltoatton 
35 sertol no. 60/137,998. attomey docket no. 25791.17. fitod on 6/7/1999; (10) U.S. 
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utility patent appllcaUon no. 09/559,122. attorney docket no. 25791.23.02. filed on 
4/2»2000. wNch claimed the benefit of the filing dale of U.S. provisional application 
no. 60/131.106. attorney docket no. 25791J»3. filed on 4/26/1999: (11) U.S. 
provisional applcation no. 60/146,203, attorney dodcet no. 25791.25. filed on 

5 7/29/1999; . (12) U.S. provisional application na 60/143.039, attorney docket no. 
25791.26. fited.on 7/9/1999; (13) U.S. provisional patent appHcation serial no. 
60/162.671. attorney docket na 25791.27. filed on 11/1/1999; (14) U.S. provistonal 
appScatkm no. 60/159.039. attorney docket no. 25791.36. filed on 10/12.1999;. (15) 
U.S. provistonai patent applicatton no. 60/159.033, attorney docket na 25791.37. 

10 filed on 10/12/1999; and (16) U.S. proviskNial patent applkatton no. 60/165,228, 
attorney docket no. 25791.39, filed on 11/12/1999, 
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CONVERSION OF IMPEraAL UNITS TO METRIC UNITS 



' 250Vto450»F 
5000 psi to 140.000 psi = 
5 0Tto450T 

3ln 

2 X Iff* ln» to 5x10^ In* = 



3.447 X 10' NAn*to 9.653 x 10* Nftn' 

-17.8^to232.2?C 

76.2 mm 

0.129 mm' to 32.26 mm' 



The iDllcwina are Reotetered Trade Maito 

10 

Viton 

TorqTrim III 

EP Mudlib 

DrillN-Slid 
15 . • 
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1. A system for coupling an expandable tubular menrdw to a preexisting 
structure, comprisrig: 

5 means for positioning the tubular member and an expansion cone within the 

preexisting structure; 

means for anchoring the tubular member to the preexisting structure; 
means for axially displacing the expansion cone relative to the tubular 
member by pulling the expansion cone through the tubular meniber; and 
10 means for injecting a lubricating fluid into the trailing edge of the interface 

betvveen the expansion cone and the tubular member. 

2. The system of dsrim 1, furth^ comprising a lubricating fluid, wherein the 
lubricating fluid has a visco^ ranging from 1 to 10,000 oentipotee. 

15 . . 

3. The system of daim 1 . whevdn the mems for iniecting includes: 
injecting lubricating fluid into a tapered end of the expansion cone. 

4. The system of daim 1 , wherein the means for injecting indudes: 

20 means for injecting lubricating flukl into the area around the axial midpoint 

a first tapered end of tlie expansion cone* 

5. The system of daim 1 , wherein the means for injectir)g indudes: 

means for injecting lubricating fluid into a second end of the expansion oone. 

25 

6. The system of daim 1, wherein the means for injecting indudes: 

means for injecting lubricating fluid into a tapered first end arxl a second end 
of the expanston cone. 

30 7. The system of daim 1, wherein the means for ir\|ecting indudes: 

means for injecting lubricatfng fluid into an interior of the expansion cone. 

8. The system of daim 1 . wherein the means for injecting indudes: 

means for injecting lubricating flidd through an outer surfeoe of the 
35 expansion cone. 
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9. The system of daim 1. wherein the means for Injecting includes: 

means for injecting the lubricating fluid into a plurality of discrete locations 
along ttve trailing edge portion. 

10. The system of daim 1, further comprising , a lubricating fluid, wherein the 
lut^ting fluid comprises: 

driMng nuid. 

11. The system of daim 1, wherein the means for axialiy displadng the 
expansion cone indudes: 

a means for pressurizing at least a portion of the interior of the tubular 
memt)er. 

12. The system of daim 1, wherein the means for axialiy displadng the 
expansion cone indudes: 

a means for injecting a fluidic material vito the tubular member. 

13. The system of daim 1. wherein the means fbr axialiy displadng the 
expansion cone includes: 

a means for displachg the expansion cone into the tubular member. 

14. . The system of daim 1 , wherein the means fbr axialiy displadng the 

expansion cone includes: 

a rneans for displadng the expanston cone out of the tubular nnenrtber. 

15. The system of daim 1 , wherein the means for axialiy displadng the 
expansion cone radially expands the tubular member by 10% to 20%. 

16. The system of daim 1 , further comprising a means for applying direct radial 
pressure to the tubular member. 

1 7. The system of daim 1 , further comprising a preexisting strudure which 
indudes a wellbore casing. 
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18. The system of claim 1 , further comprising a preexisting structure which 
irududes a pipeline. 

1 9. The system of daim 1 , further oomprising the preexisting structure which 
includes a structural support. 

20. The ^tem of daim 1 , further oomprising an expansion cone, wherein the 
expansion cone comprises an angle of attack ranging from 10 to 30 degrees. 
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10 21. The system of daim 1 , further oomprising a tubular menrAer. wherein the 
tutuiiar memtier inckides: . 

an mnular memt>er, having: [ 
a waH thickness that varies less than 8 %; 

a hocfp yieM strengtti that varies less than 10 %; | 
15 imperfectk>nsof lessthaih8%ofthewallthkdiness; 

no faiure for radial expansk)ns of up to 30 %; and 
no necking of the walls of the annular memt>er for radial expansions of up to 
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20 . 22. The system of daim 1, further comprisirig a tubular noemt>er. wherein the 
tubular member indudes: 

a first tubular member 
a second tubular memt)er: and 

a pin and box threaded oonnectk>n for coupling the first tubidar member to 
25 the second tubular member, the threaded ophnectkMiinduding: 

one or more sealing members for sealing the interface between the first and 
second tubular memt>ers. 

23. The systenri of daim 22. wherein the one or more sealing members are 
30 posiGoned adjacent to an end portton of the threaded oonnectkxn. 

24. The system of daim 22. wherein one of the sealing members is posittoned 
adjacent to an end portton of the threaded connectton; and wherein anottier one of 
the sealing members is not positioned adjawnt to an end portbn of the threaded 

35 connectk)n. 
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25. The8y8temofclaim22,v(^rehapiura«tyoftheoneorinore8eaft^ 
members are positioned adjacent to an end pprtion of the threaded connection. 

5 28. The system of dalml, further comprising a tubular member, viihereto 

tubular member indudes: 

a layer of a lubricant bonded to the interior surbce of the tubular member. 

27. The system of dalm 26. wherein the lubricant comprises a met^c soap. 

10 

28. The system .ofdalm 26. wherein the lubricant is chemically bonded to the 
interior surface of the tubular member. 

29. The system of daim 26, wherein the lubricant is mechanically bonded to the 
15 interior surface <rf the tubular member. 

30. The system of daim 26, wherein the lubricant is adhesively bonded to the 
interior surface of the tubular member. 

20 31 . The system of daim 30. wherein the lubricant Indudes epoxy, molybdenum 
disulfide, graphite, aluminum, copper, alumisillcate and pdyethytenepdyamine. 

32. The system of daim 1, further comprising a tubular member, wherein the 

tubular nnember Includes: 
25 a pair of tubular membere having threaded potions coupled to one another. 

and 

a quantity of a sealant within the threaded portions of the tubular members. 

33. The system of daim 32. wherein the sealant is selected from the group 
30 consisting of epoxles.thennosetting sealing compounds, curable sealing 

oompounds, and sealing compounds having pdymerizable materials. 

34. The system of daim 32. wherein the sealant indudes an inltlal cure cyde 
and a final cure cyde. 

35 
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35. The system of daim 32» wherein the sealant can ba stretched up to 30 to 40 
percent without fotlure. 

36. The system of daim 32, wherein the sealant is resistant to conventional 
5 wellbore fluidic materials. 

37. The system of daim 32, wherein the material properties of the sealant are 
substantially stable for temperatures ranging from *17.8°C to 232.2^ (0 to 4S0^. 

10 38. The system of daim 32, wherein the threaded portions of the tubular 

members indude a primer for Improvirig the adhesion of the sealant to the thiBaded 
portions. 

39. The system of daim 1 , further cpmprteing a tubular member, wherein the 
15 tubular member indudes: 

a pair of rings for engaging the preexisting stnicture; and 
a sealing element positioned between the rings for sealmg the interface 
between the tubular member and the preexisSng stnicture. 

20 40. The system of daim 1. further comprising a tubular memt)er,whe^^ 
tubular member indudes: 

' a first preexpanded portion; 
an intermediate portion coupled to the first preexpanded portion induding a 
sealing elenrieht; and 
25 a second preexpanded portion coupled to the intennediate portion. 

41. The system of daim 1. further comprising: 
a tubular member, 
an expansion cone; 

30 a support member induding a fluid passage, the expansion cone coupled to 

the support member, the tubular member coupled to the expansion cone: 
a slip joint coupled to the expansion cone; 
an end plate coupled to the slip Joint; 
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a fluid chamber coupled to the fluid passage, the fluid chamber defined by 
the interfor portion of the tubular member between the expansion cone and the end 
plate. 

42. The system of daim 1 . further comprising a tubular member, wherein the 
tubular member includes a slotted end (wrtion. 

43. The system of daim 1, further comprising a tubular member and an 
expansion cone, wherein the tubular member and the expansion cone define a 
chafTA)er adapted to be pressurized. 

44. The system of daim 43. further comprising a fluidic passage coupled to the 
chamber. 

45. The system of daim 1. further comprising a lubricating fluid In an interface 
between the expansion cone and the tubular member. 

46. The system of daim 4S. wherein the lubricating fluid comprises: 

drilling mud. 
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